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ABSTRACT

A versatile computer program to predict the
thermal history of a spacecraft orbiting a celestial
body is documented. With this program, all external
thermal-radiation heat loads, thin-skin temperatures,
or both, are computed for a spinning or oriented
spacecraft as a function of orbit position and time.
The generalized program applies to any spacecraft
configuration. A major feature of the program is its
applicability to effects resulting from the extreme
surface temperature of the Moon.

Major sections are entitled ''Heat-Transfer
Theory, '' ''Celestial Mechanics Theory: Coordi- -
nate Systems, "' ""Numerical Analysis, '’ '""Digital
Computer Program,'' and '"Computer. Program
Application.'" In addition, sample problems, a com-
plete program listing, and a program user’s guide
explaining the data input format are included.
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A COMPUTER PROGRAM FOR CALCULATING EXTERNAL
THERMAL-RADIATION HEAT LOADS AND TEMPERATURES OF
SPACECRAFT ORBITING THE PLANETS OR THE MOON

By Harold L. Finch and Duncan Sommerville
Midwest Research Institute

and

Robert Vogt and Davis Bland
Manned Spacecraft Center

SUMMARY

A computer program to predict the thermal history of a spacecraft in orbit about
a celestial body is presented. The program, associated information required for use
of the program, and the theory and methods used to develop the program are included.
The thermal environment predicted is comprised of all external thermal-radiation heat
loads, thin-skin temperatures, or both, for a spinning or oriented space vehicle as a
function of orbit position and time. Manned and unmanned satellites and spacecraft or
other objects in orbit oriented on the Sun, the Moon, Earth, or a planet other than
Earth are within the capability of the program to predict the thermal history of oriented
vehicles. A maximum of 200 vehicle surface elements can be analyzed by the computer
program. The constant or temperature-dependent thermophysical properties of each
element are obtained from one of eight optical-properties tables and from one of eight
substrate-properties tables.

The program is generalized so that calculations can be performed for any spec-
ified element location. The program does not incorporate details of spacecraft config-
uration, and the shadowing of one portion of a spacecraft by another spacecraft or by
a portion of the same spacecraft is not considered.

A significant feature of the program is the ability to consider the effects of ex-
treme lunar-surface temperature variations on a lunar-orbital spacecraft. The results
from a hypothetical lunar-orbital mission confirm the value of this feature of the pro-
gram by displaying errors of +100° F, on the erroneous assumption that the tempera-
ture of the Moon is constant along the surface.



INTRODUCTION

Because of the extreme temperature environment of space and because of the
critical limits in the operating temperatures of spacecraft materials, thermal control
is an important consideration in the development of spacecraft and components. With
the absence of an atmosphere in space, the mode of heat transfer between the space-
craft and its natural environment is thermal radiation. Thus, to insure satisfactory
thermal design, a means of accurately determining the spacecraft external radiative
environment is required. To determine the environment readily and economically for
parametric design analysis, a computer program designed to continuously determine
external heat fluxes and temperatures as a vehicle orbits a planet was developed by
Midwest Research Institute (MRI) for the NASA Manned Spacecraft Center (MSC) under
contract NAS 9-1059. To improve the efficiency, capabilities, and input-output for-
mats of the program, several modifications have been added to the program by NASA
MSC. This report is a description of the program developed by MRI with the NASA
MSC modifications.

The program, which is documented in the Univac 1108 FORTRAN V language, is
a generalized analytical tool capable of determining solar, planetary, and albedo (the
solar heat reflected from a planet and its atmosphere) heat fluxes, temperatures, or
both. Heat fluxes are obtained for spinning vehicles or for a large number of infinites-
imal vehicle surface elements for a vehicle that is planet or sun oriented. To deter-
mine the quantity of incident thermal radiation on an elemental area of the vehicle, the
angle of incidence is determined first by coordinate transformation. Using the angle of
incidence, the configuration factors are obtained from a stored table of radiation-
configuration-factor values. The table was deyeloped from a previous study in which
the numerical integration of the applicable equdtions was accomplished. The configu-
ration factors are then used to calculate the component parts of the incident flux. The
transient temperatures are calculated by numerical integration of the general differen-
tial equation obtained by performing a heat balance about the elemental area. Although
the program is capable of analyzing orbits about all planets except Pluto, special em-
phasis has been placed on problems associated with lunar missions. (Sufficient plane-
tary data are not available to analyze Pluto orbits.) The approach used in analyzing
spacecraft heating effects from the extreme surface temperature gradient of the Moon
is known, at present, to be applicable only to the Moon. The computer program is
written, therefore, so that its use is restricted to lunar orbits. However, if celestial
bodies other than the Moon exhibit temperature variations similar to those of the Moon,
the program can be modified accordingly, since this part of the program and the dis-
cussion within this report are generalized.

SYMBOLS
A area
a semimajor axis of orbit ellipse
ag semimajor axis of the semiellipse traced by the shadow of the planet
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t,a

t,n

om0 -

el

boundary on accumulated errors
semiminor axis of orbit ellipse

semiminor axis of the semiellipse traced by the shadow of the planet'
variable coefficient
specific heat

distance between the center and focus of an ellipse
distance between the orbiting vehicle and the center of the planet

declination (latitude of the Sun with respect to the Xc-, Yc- , and Zc-axes)

distance between the orbiting vehicle and the planet element
eccentric anomaly

emissive power, appendix B
total error caused by numerical integration

eccentricity of orbit ellipse

accumulated effect of round-off error over n steps

accumulated truncation error over steps 1ton-1

one-step truncation error (the error caused by approximation over step n)
radiation configuration factor, i=1,2,3,4

gravitational constant
altitude

vehicle skin thickness
intensity of radiation
inclination of orbital plane

distance between center of areas exchanging radiant energy



planet mass

period (time to complete one orbit)

internal heat generation

heat flux
solar reflectance of celestial body (albedo)

right ascension (longitude of Sun with respect to the Xc-, Yc--, and Zc-axes)
orbit radius

planet radius

shadow radius

radius of a spherical vehicle

solar constant
temperature

minimum planet temperature (dark side of planet)
average planet temperature

time
volume
coordinate axes

angle < 180° between the planet-Sun line and the Xp—axis

absorptance of vehicle material with respect to planet-emitted radiation
absorptance of the receiving surface

absorptance of vehicle material with respect to solar radiation

éngle =< 180° between the planet-Sun line and the Zp-axis, or the angle between

a planet element-Sun line and the planet element normal
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Q

o W™ =

in

=

out

angle = 180° between the planet-Sun line and the Yp-axis

integration step-size as specified in input data; a smaller increment may be
chosen by the computer program

angle between the vehicle-Sun line and the vehicle-vehicle element line
angle between the vehicle element-vehicle line and the vehicle-planet line

emittance of emitting surface
emittance of planet
emittance of vehicle material

angle between the planet-element line and the planet-vehicle line
angle between the Sun-planet line and the planet-vehicle line

angle measured from the Xv—axis (towards Yv) to the projection of the
vehicle-vehicle element line on the Xv‘Yv plane '

angle measured from the Xv-axis (towards Yv) to the projection of the Sun-
vehicle line on the XV-YV plane

angle between the vehicle-planet line and a vehicle-planet element line

density

angle between the Xp-axis and the projection of the Sun-planet line on the

X -Y
p ppla.ne

Stefan-Boltzmann constant
vernal equinox (an intersection of the Earth equator and the ecliptic)
true anomaly

angle between the vehicle-planet-Sun plane and the vehicle element-vehicle-
planet plane '

value of @, where the vehicle passes into the shadow of the planet

value of @, where the vehicle passes out of the shadow of the planet



angle between a normal to dAr and a line from dAr to Ae

r
X "

a

angle shown in figure B-1

Q2 longitude of ascending node
Q' angle between the Zv—axis and the vehicle-vehicle element line
Q autumnal equinox (an intersection of the Earth equator and the ecliptic)
ﬂs angle between the Zv-axis and the Sun-vehicle line
w argument of perifocus
Subscripts:
c celestial
e emitting body
n specified number of computation steps
(o] initial condition
p planet
r receiving body
S Sun
v vehicle

ASSUMPTIONS

The formulation of a practical computer program for the calculation of orbital
heat fluxes and temperatures requires the use of simplifying assumptions. (These
assumptions, none of which appreciably affect the accuracy of the program or the
applicability of the program to the intended purpose, are summarized in the following
items. It is necessary to evaluate each assumption with respect to application of the
program to assure that each assumption is acceptable.

1. Each element is assumed to be thermally isolated from all others; that is,
conduction between nodes is not considered. However, the program output allows the



heat loads to each element as a function of time to be loaded conveniently into a heat-
conduction program. If desired, the thermal-environment-prediction program may be
modified so that the-heat loads are punched on cards in a specific format for use as
direct input to a heat-conduction program. Programing has been done in FORTRAN V
to facilitate such modifications.

2. Conduction and convection between the vehicle and its surroundings are
neglected. This assumption is generally valid, since orbits are usually well above any
significant atmosphere.

3. Perturbations are neglected. In cases in which perturbations have a signifi-
cant effect upon the orbit, the mission should be subdivided into two or more segments,
and each segment should be run as a separate case. The independently obtained, per-
turbed orbit parameters in each case are then reentered as new input.

4. The position of the Sun with respect to the orbit is assumed to be fixed. This
assumption is reasonable, unless the flight duration becomes an appreciable portion of
the planet period. If this occurs, the mission can be subdivided and run as several
cases, each with the appropriate coordinates of the Sun specified as input data.

5. The solar constant is assumed to be independent of the vehicle orbit posi-
tion. Since the semimajor axis of a vehicle orbit is generally small compared to the
distance from the Sun to the planet, solar radiation is essentially constant throughout a
given orbit. ‘

6. Planet data, such as albedo and mass, are stored internally and are assumed
to be invariant. Although these data are essentially constant, the accepted values are
occasijonally refined. If the program data are to be refined accordingly, a section of
the program must be changed and recompiled. This disadvantage of requiring refine-
ment and recompilation is offset by the convenience of not having to include planet
properties in the input data each time a case is to be run.

7. The shadow of the planet is assumed to be cylindrically shaped, and penum-
bral effects are neglected. The method of determining the intersection of the orbit and
the shadow is described in appendix A. The resulting errors in Sun-shade point and
heat-]oad determinations are negligible even for large orbits.

8. The thermal radiation discussed in this report is assumed to be diffuse.
This assumption is reasonable, except for cases in which the radiation is emitted by a
polished vehicle surface.

9. Planet albedo is assumed to be independent of surface position or features.
An average value is used because the local values depend on such variables as clouds
and other atmospheric conditions that are difficult to predict.

10. Internally generated heat is assumed to be uniformly distributed over the
applicable vehicle surface. If this assumption is not reasonable for any case, the in-
ternal heat and corresponding surface element should be subdivided until an acceptable
assumption is obtained.



11. On the sunlit side, the Moon is assumed to absorb and emit energy as a
smooth sphere. With this assumption, the absorbed energy available for emission is

proportional to cos 8, and the lunar-surface temperature is proportional to cosl/ 4 B.
(A definition of B8 is provided in appendix B.) Based on a thorough survey of the liter-
ature related to the discussion in this report, this assumption was found to be the most
realistic and practical approach to handling the extreme temperature gradients over the
lunar surface.

12. The temperature Tm of the dark side of the Moon is assumed to be con-

stant. This assumption is considered reasonable, since the heat radiated from the back
side of the Moon is less than 1 percent of the heat radiated at the subsolar point, and
variations in Tm introduce negligible changes in the heat flux qp

13. The vehicle absorptance of reflected solar radiation is assumed to be the
same as the vehicle absorptance of direct solar radiation. Although the spectral char-
acteristics of solar radiation are probably changed when solar radiation is reflected,
it is believed that this change has little effect on the solar absorptance -

HEAT-TRANSFER THEORY

Fundamental heat-transfer theory has been used to determine the impinging heat
loads and the transient surface temperatures of orbiting spacecraft. Heat-transfer
theory and equations applicable to the discussion in this report are summarized in the
following paragraphs of this section. Detailed derivations are given in appendixes A
to C.

Heat Loads

A vehicle orbiting in a vacuum is externally heated by thermal radiation, princi-
-pally from the planet being orbited and from the Sun. (For convenience, throughout this
report, the term ''planet'' applies to any planet or the Moon.) The amount of heat orig-
inating from other celestial bodies is generally negligible: Most of the solar radiation
comes directly from the Sun. The remainder is reflected by the planet before imping-
ing upon the vehicle surface and is referred to as albedo heat flux. Solar, planet, and
albedo heat fluxes are illustrated in figure 1.

Since an orbiting vehicle may spend a significant portion of each orbit in the
shadow of a planet, shielded from both direct and reflected solar radiation, it is
necessary to determine the part of the orbit during which the vehicle is shaded. The
method used to determine the intersection of the orbit and the shadow is described in
appendix A.

The heat emitted by a planet depends on the surface temperature of the planet.
If the planet is shrouded with a heavy atmospheric blanket, the surface temperature is
relatively uniform because of convection and conductance heat transfer and can be con-
sidered constant. It is impractical, if not impossible, to account for temperature



Figure 1. - Principal external heat loads.

deviations from the average, since the deviations are functions of such intangibles as
wind, snow, cloud coverage, and atmospheric activity.

If a celestial body (for example, the Moon) has a negligible atmosphere and a
nonconducting surface, the surface temperature gradients may be large and should
therefore be determined. Fortunately, the factors that cause the extreme variations

also make it possible to determine the surface temperature distribution with reasonable
accuracy.

External heat loads are summarized for spinning and oriented vehicles as func-
tions of altitude and of the parameters GS, Q' AT, QS, As’ 6, €, and ﬂc. Com-
plete derivations are given in appendix B.

Radiation impinging on spinning vehicles. - The period of rotation of a spinning

vehicle is assumed to be fast enough for the impinging thermal radiation to be uniformly
distributed over the vehicle surface. Solar radiation per cross-sectional area AV

striking a spinning vehicle is

.'>, a2
[
w

(1

L]



where the solar constant S is inversely proportional to the square of the distance from

the Sun.

Radiation received from a constant-temperature planet (Tp = constant) is given in

equation (B16d) of appendix B as

%

A
v

= 28(1 - R)F1

where -

T
p

= constant

(2a)

(2b)

The corresponding heat rate for a variable-temperature planet (Tp # constant) is’

expressed in equation (B30d) as

%

X; = 88(1 - R)F2 Tp # constant (32)
where
( )
[ 2]1/ 2
1-11-1{-2 :
D T
Fz w{ 2 >'cos GS (3b)
\ /

Equation (3b) closely approximates the exact radiation configuration factor, as demon-

strated in figure B-5 of appendix B.

For the condition when HS > 90°, F2 is set equal to zero by the computer pro-
gram, since the vehicle is in the planet shadow and, therefore, the sun does not emit

radiation to the vehicle.
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The temperatures of the dark sides of variable-temperature planets are low, but
the temperatures are high enough for the emission of some heat. According to equa-
tion (B33), this emitted heat can be expressed by

4D 4 : '
_A—; = 80Tm F1 Tp # constant (dark side of planet) (4)

where F1 is defined in equation (2b), o is the Stefan-Boltzmann constant, and Tm
is the average dark-side or minimum planet temperature. The value of Tm for the
Moon (186° R) is stored internally in the computer program.

The albedo heat flux impinging on a spinning vehicle is given in equation (B38d) as

% 1bedo
—4—— = 8SRF, (5)

v

where F2 is defined in equation (3b).

Radiation impinging on oriented vehicles. - An object is planet oriented if the line
connecting the vehicle and planet center passes through the same vehicle surface ele-
ment for all positions in the orbit path. Similarly an object is Sun oriented if the
vehicle-Sun line passes through the same surface element at all times.

The incident heat flux on an oriented vehicle can vary from one surface position
to another. Therefore, expressions for the heat flux to any surface element must be
derived. The equations developed in appendix B are applicable to either Sun-oriented
or planet-oriented vehicles, provided the required independent variables (for example,
) are defined for each orientation, as described in the section of this report entitled
'"Celestial Mechanics Theory: Coordinate Systems.'' The following heat-flux expres-

sions are developed for a typical surface element located with respect to the vehicle
coordinate system by the angles A' and £°.

Solar radiation impinging on a surface element is

il

Scosd 6=290° (6a)

<:>| o

11



If & is greater than 90° (that is, cos 6 < 0), the element does not receive radi-
ation from the Sun, therefore

qg .

The heat flux from a constant-temperature planet is given in equation (B46c) as

S(1 - R)F4

K; =— Tp = constant (7

where F 4 is a function of altitude H and the variables ﬂc and ¢, which are illustra-~
ted in figure 2. Values of F 4 have been evaluated by numerical integration over the
applicable ranges of !Zic and € and to an altitude for which the radiation configuration

factor, and therefore the planet heat, is negligible (an altitude of approximately five
planet radii). (For all values of ;ch and

e, F 4 is set equal to zero when
F4(Hw5rp)/F4(H=o) = 0. 015). A table of

over 2500 values representing the function
F,=F ﬂc,e, H has been incorporated

Sun-planet line =\

Planet -vehicle line

into the permanent data deck of the com-
puter program.

The heat flux from a variable-
temperature planet is given in equa-
tion (B42c¢) as

Orbit path Vehicle

z_P =S(1 - R)F, T, # constant  (8)

Efement vector v

Vehicle element

where Fj is a function of H, ﬂc, €, and

Figure 2. - Angular variables for determin- s The variable s is the angle be-

ing radiation configuration factors of ori- tween the vehicle, the planet, and the Sun,
ented vehicles. as shown in figure 2. In appendix B, the
relationship that exists between F3 and

F 4 is described in detail.

12



The impinging heat from the dark side of the variable-temperature planet is given
in equation (B47) as

% 4 .
K; = on F, Tp # constant (dark side of planet) (9)

The albedo heat flux irradiating an oriented-vehicle element is expressed in
equation (B50c) as

% 1bedo
2o = SRF, (10)

v

Transient Temperatures

The transient temperature of an orbiting vehicle is obtained by conducting a heat
balance on the vehicle and by solving the resulting differential equation. For this anal-
ysis, each surface element of an oriented vehicle is considered to be thermally isolated
from all other elements.

The general governing differential equation is

ar __1_ q.o. + a +qa +q - (11)
dt pCpV( s% * %atbedo% q'p p “internal qout)

where p and Cp are the density and the specific heat, respectively, of the vehicle
material and V is the volume being analyzed. The term % ternal represents the

amount of internally generated heat that is absorbed by the vehicle skin. It is assumed
that %oternal 1S dissipated uniformly over the entire external area of the vehicle if it

is spinning or over the surface element if the spacecraft is planet or Sun oriented. In-
ternally generated heat is expressed as

Ynternal = Qg (12)
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The negative term %out in equation (11) is the heat emitted by the vehicle é.nd is
given by

4 =0 T (13)

where T is the instantaneous surface temperature, €, is the emittance of the mate-
rial at temperature T, and Av is the total emitting-surface area. Introducing the

appropriate heat terms into equation (11) gives the governing temperature differential
equations as follows. For a spinning vehicle orbiting a constant-temperature planet

Sa S(1-R)a_F
%% = p_CLE [—4—§ + ZSRaSF2 + ————7——p——l + Qg - cevTﬂ (14a)
p

where h is skin thickness and ag and ap are the solar and planet absorptance of the

material, respectively.

For a spinning vehicle orbiting a variable-temperature planet

ar 1 |S% 4|
_— e |2 - - 14b
& = 705 3 + 25Ra_F, + 25(1 - R} Fy + Q- oe_ (14b)
or
Sa
dT _ 1 S 4 4
-aT = EC;}_I<—4_ + 2SRa SF2 + anme Fl + Qg - O'GVT ) (140)

depending on whether the vehicle is above the sunlit or the dark side of the planet, re-
spectively. Near the terminator, the larger value of dT/dt from equations (14b) and
(14c) is used.

14



For an oriented vehicle orbiting a constant-temperature planet

- S(1 - R)a_F
dT 1 p 4 4
Y. pCph [Sa cos 6 + SRa F g+ Q - 0€ T] (144d)

For an oriented vehicle orbiting a variable-temperature planet

dT 1

4
&= pCph |:Sa cos 5 + SRe _Fq + S(1 - R)a Fa+ Q - 0€ T] (14e)

or if the oriented vehicle is above the shaded half of the planet

dT 1

4 4
s pCph (Sa cos § + SRa F3 + O'T apF4 4 Qg - oeVT) (14f)

Near the terminator, equations (14e) and (14f) are both evaluated, but the smaller value
of dT/dt is discarded.

Equations (14a) to (14f) are of the form

dT 4
4t = Cy - CoT (15)

where C1 and C., are variable coefficients. Both t and # must be known in order

2
to evaluate Cl and C2, thus, an expression relating t and @ is required. The nec-

essary relationship is derived by first writing t as a function of the eccentric anomaly
E in accordance with Kepler's laws of planetary motion.

_(E -%im E)P . (16)

where t and E are measured from perigee. The period P is

3 \1/2
P= z::(éﬁ-) (17)
P
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where G is a gravitational constant and Mp is the planet mass.

Time can now be expressed as a function of @ by combining equations (16) and

2 tan-l[(tan g)(a = c)] - e sin {2 tan” [(tan g)(a 5 c)]}

t = _1 (18)
2P

Equation (18) can be solved readily for t; however, an iterative solution is re-
quired in order to obtain the solution @ = f(t). Consequently, @ has been selected as
the independent variable. This is indicated in equation (15) as

dT 4
@ C - C,T (19)

Equation (19) does not yield a closed-form solution, but can be solved numeri-
cally. The procedure for numerically integrating equation (19) is described in the sec-
tion of this report entitled '"Numerical Analysis. "'

CELESTIAL MECHANICS THEORY: COORDINATE SYSTEMS

Four locations must be specified for the determination of vehicle heat loads:

1. The location of each vehicle surface element being analyzed (not applicable to
spinning satellites)

2. The location of the vehicle with respect to the planet being orbited

3. The celestial location of the vehicle

4. The location of the Sun with respect to the planet being orbited

The required locations can be obtained in terms of vehicle, planet, and celestial
coordinate systems. These systems are identified throughout this report by the follow-

ing notation:

1. Vehicle coordinates — X, Y , and Z
v v v

2. Planet coordinates —X , Y , and Z
p p p

3. Celestial coordinates _Xc’ Yc’ and Zc
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The three coordinate systems are summarized in table D-I of appendix D.

Vehicle Coordinates

For a spinning vehicle, no distinction is required between surface elements; and
coordinates Xv’ Yv’ and ZV are not applicable, since it is assumed that the vehicle

‘is spinning fast enough that impinging thermal radiation is uniformly distributed over
the vehicle surface.

For an oriented vehicle, however, the incident heat flux can vary considerably
from one surface position to another. For example, element no. 1 on the planet-
oriented vehicle shown in figure 3 receives heat emitted by the planet, and element
no. 2 does not receive heat emitted by the planet. Consequently, a coordinate system
for the location of each element being analyzed is required for the thermal analysis of
oriented spacecraft. The vehicle coordinates used are illustrated in figure 3. The
complex configuration shown in figure 3(a) is first replaced with a spherical mathemat-
ical model, as shown in figure 3(b). Surface element no. 1' and surface element no. 2'
on the sphere are selected so that they have the same space orientation as vehicle ele-
ment no. 1 and vehicle element no. 2. If the orbiting body is planet oriented, surface
positions on the sphere are defined with respect to the coordinate system illustrated in
figure 3(c). The origin is at the center of the sphere, and the Xv-axis is directed to-

ward the planet center of mass. The Yv—axis is at right angles to the Xv—axis in the

orbital plane, with the positive direction opposite the vehicle velocity vector. The di-
rection of vehicle travel is always in the same direction as the movement when the
Xp-axis is rotated into the Yp-axis through the smallest angle. The Zv—axis is normal

to the orbital plane in a direction such that Xv’ YV, and ZV form a right-handed co-

ordinate system. Surface elements are defined by the angles A’ and ', as shown in
figures 3(c) and 3(d). The angle A' is measured from the Xv—axis (toward Yv) to the

projection of the element on the XV—YV plane (0° <= A'< 360°); Q' is measured from
the Zv-axis to the element (0° = Q' < 180°).

The technique of locating elements on the vehicle with the two angles A' and Q'
can be likened to the method used to locate a point on Earth by using the two angles of
longitude and latitude. If the orbiting body is Sun oriented, surface points or features
are located with respect to the system shown in figure 3(d). The origin is again at the
center of the sphere, but the Xv-aXis is directed toward the Sun. The Yv-axis is in the

orbital plane at right angles to Xv' The Zv-axis is always in the same hemisphere as
the Zp—axis and completes the orthogonal system. For the special case in which the
projection of the Xv-axis on the orbital plane is a point, the vehicle coordinate system
should be set up as described previously. However, to eliminate ambiguity, Yv is
chosen to be in the same direction as Yp. Surface elements are described by the co-
ordinates A' and ', as before.
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Element no, 2°

27/

Element no, 1'

AXV

Note: X~ and Y,-axes are

in orbital plane

[

(c) Mathematical model (planet oriented). | (d) Mathematical model (Sun oriented).

Figure 3. - Vehicle coordinate system for typical spacecraft.

Planet Coordinates

Before computing the impinging heat loads emitted or reflected by the planet, the
location of the vehicle with respect to the planet being orbited must be specified. The
orbits and planets shown in figures 4(a) and 4(b) are the same. However, in figure 4(b),
the orbit is shown rotated into the plane of the page. Superimposing the Xp— and Yp—axes

(planet coordinates) onto the orbital plane simplifies the equations of motion by reducing
the problem from three dimensions to two. The position of the vehicle can be defined
in the two-dimensional system by either polar or Cartesian coordinates.
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The polar coordinates of a point on the orbit are the true anomaly @ and the dis-
tance D from the principal focus, or center of force, to the vehicle. The distance is
given by

D = a(l - e cos E) (20)

where a is the semimajor axis, e is the eccentricity of the orbit, and E is the
ecceniric anomaly. The variables e and E are formulated as

(a2 2"
ez —————— =

Y (21)

®io

and

E=2 tan'll:(tan g)(a = C)J (22)

where b is the semiminor axis and c is the distance between the center and the focus
of the ellipse.

The Cartesian coordinates Xp and Yp of a point on the orbit are expressed as
Xp =alcos E - e) (23)

and

1/2
Y = a(l - ez)

in E 24
b sin (24)

Vehicle coordinates for a planet-oriented orbiting body superimposed on the
planet coordinate system are shown in figure 4(c). As the vehicle makes one counter-
clockwise revolution about the planet, the XV- and Yv—axes are similarly rotated about

the Z -axis.
v
The vehicle and planet coordinates for Sun-oriented satellites are illustrated in

figure 4(d). The XV—YV plane is generally not in the Xp—Yp plane, since Xv is di-
rected toward the Sun. The vehicle coordinates have a fixed orientation in space
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(a) Orbit and planet. (b) Spinning vehicle.

Yv Y YV Xv Y
Planet oriented~ ‘}p Sun oriented~ XY oF

Xv\' To Sun/

(c) Planet-oriented vehicle. (d) Sun-oriented vehicle.
Figure 4. - Planet coordinate systems for spinning and oriented vehicles.
(assuming the planet to be stationary with respect to the Sun, which is essentially true
during the time it takes to complete several orbits).

Celestial Coordinates

To determine the contribution of the Sun to spacecraft heating, the celestial loca-
tion of the vehicle with respect to the celestial coordinates Xc, Yc’ and Zc must be

specified, but first, two astronomical terms, ecliptic and vernal equinox, will be intro-
duced.

Positions in the solar system are commonly defined with respect to the ecliptic
and the vernal equinox. The ecliptic is the plane described by Earth as it orbits the
Sun. The vernal equinox, symbolized by Y, is a fixed line from the Earth, directed
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toward the Sun at the instant the Sun crosses the Earth equator from south to north in
its apparent annual motion along the ecliptic. The direction of the vernal equinox
varies slightly (approximately 50. 27 seconds of arc per year). Hence, to specify the
coordinates of an object, it is necessary to state which vernal equinox is referred to as
the principal direction (for example, the equinox of 1950 or 1965).

Thus, the Earth intersects the vernal equinox at the start of spring (in the North-
ern Hemisphere). The vernal equinox also lies along the line of nodes described by the
intersection of the Earth equatorial plane with the ecliptic. The other point at which the
Sun crosses the Earth equator, going from the Northern to the Southern Hemisphere, is
designated by the symbol € and is the beginning of autumn in the Northern Hemisphere
(autumnal equinox). At both points, day and night are equal.

The orbit of a vehicle about Earth, a planet other than Earth, or the Moon is con-
ventionally related to the celestial Xc—, Yc—, and Zc -axes of the planet by three angles

Q, w, and i. Before these functions can be defined, it is necessary to identify the
geometric relationship between the vehicle orbit and the celestial axes. In figure 5(a),
the general orbit of a vehicle is shown, with the intersection of the orbital plane and the
planet surface shown in a broken line. The other broken line represents the intersec-
tion of the plane containing the celestial Xc- and YC -axes with the planet surface. The

broken lines cross at two points. (Only one point is visible in fig. 5(a).) The two points
define the line of intersection of the orbital plane and the plane containing the Xc- and

Yc-axes. The two intersections are commonly referred to as the ascending node and

the descending node, and the line connecting the nodes is called the line of nodes. The
vehicle is at the ascending node when it is passing upward (north) through the
Xc-Y c plane.

The orbit and the Xc" YC—, and Zc~axes are related by €, w, and i, as shown

in figure 5(b). The angle Q is the longitude of the ascending node, measured counter-
clockwise in the Xc'Yc plane from Xc to the line of nodes. ' The angle w is the argu-

ment of perifocus, measured in the orbital plane in the direction of travel from the
ascending node to the perigee. The angle i represents the true inclination between the
XC-Yc plane and the orbital plane. The axes of the orbital plane are represented by

Xp, Yp, and Zp, where Xp is directed through the perigee of the orbit, as previously

defined.

Any number of reference Xc—, Yc—, and Zc-axes can be chosen. The primary

consideration in choosing celestial coordinate systems for the analysis in this report
was that the systems should be compatible with standard astronomical references in
order to minimize input data compilation time and effort by the program user. The

. geocentric, modified heliocentric, and selenographic systems were selected to describe
orbits about Earth, a planet other than Earth, and the Moon, respectively.
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Intersection of orbital plane

Celestial body
{Earth, aplanet other than
Earth, or the Moon)

Vehicle orbit

~

reference plane

\—Line of nodes

(a) General relationship of vehicle
and celestial body.

Ascending node

\_/ ntersection of celestial

Perigee

Ye

Note: The Xc- Yc planeis the
celestial reference plane.

\—Celestial reference line

(b) General relationship of planet and
celestial coordinate systems.

Figure 5. - Relationship between orbit and general celestial coordinate systems.

Conventional geocentric coordinates are employed to define orbits about Earth.
In this system, the Xc-Yc reference plane is the plane of the Earth equator, with the

Xc—axis directed along the vernal equinox, as shown in figure 6.

March 21 —\@

—{ )
ch ~ Y X
Earth Planet
Xc

Ecliptic
Ze 7
Sun c
by S

Planet Xc

Y

(e}

Note: Earth X.- and Y¢-axes lie in the Earth equatorial plane.

Planet X¢- and Yc-axes are parallel to the ecliptic.

Figure 6. - Celestial coordinate
system for Earth (geocentric)
and other planets (modified
heliocentric).
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A modified heliocentric coordinate
system is used to define orbits about planets
other than Earth. Since the equatorial
planes of all planets are not well defined,
the XC—Yc reference plane has been chosen

parallel to the ecliptic, with the Xc—axis

directed parallel to the vernal equinox. The

XC—, Yc" and Zc—axes for planets are also

illustrated in figure 6.

Conventional selenographic coordi-
nates are employed to define orbits about
the Moon. In this system, the XC-Yc refer-

ence plane is the plane of the Moon equator,
and the Zc—axis extends through the north

pole of the Moon (fig. 7). The positive di-
rection of the Xc -axis is from the center of

the Moon out through the prime meridian of
the Moon. By definition, the prime meridian



of the Moon passes through the mean cen-
ter of the Moon. The mean center is the
point on the lunar surface that is directed
toward the center of the Earth when the
Moon is at the mean ascending node, and
the node coincides with the mean perigee
or mean apogee. The longitude is meas-
ured as positive toward the west, as seen
by an observer on Earth, or in a counter-
clockwise direction from the Xc -axis (to-

ward Mare Crisium). The direction of
the Xc-axis in space is not fixed, but

revolves with the Moon, making one turn
every 28 days.

Moon equator

Lunar orbit

Figure 7. - Celestial coordinate system
for the Moon (selenographic).

Position of the Sun

The location of the Sun with respect to the planet being orbited must be specified

to complete the definition of Sun, planet, and vehicle relationships.

The position of the

Sun can be expressed with respect to the celestial body being orbited (in Xc, Yc’ and

Zc coordinates) in terms of right ascension RA and declination DEC, as shown in

figure 8.
(ref. 1) for each day of the year.

For Earth, RA and DEC can be obtained directly from an ephemeris
For the Moon, the required coordinates are listed in

the ephemeris as latitude and colongitude, where colongitude is

colongitude = 90° - longitude

Zc

Celestial body
(Earth, aplanet other than
Earth, or the Moon)

Subsolar point

Figure 8. - Position of the Sun relative
to the celestial coordinate system.

Longitude must always be positive.

- Therefore, if colongitude is greater than
1 90°, the equality becomes colongitude =

450° - longitude.

For a planet other than Earth, the
‘right ascension and declination of the
planet with respect to the Sun are given
in heliocentric coordinates in reference 1.
The position of the Sun with respect to the
modified heliocentric coordinate system
can be obtained from these data, as dem-

. onstrated in the following examples. If

the declination of the planet with respect
to the Sun is +10°, the declination of the
Sun with respect to the planet is -10°. If
the right ascension or longitude of the Sun
with respect to the planet is 236°, the re-
quired value is 56° (236° + 180° = 416°;
416° - 360° = 56°).
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The position of the Sun can be expressed with respect to the planet coordinate

Xp—, Yp—, and Zp-axes in terms of @, B, and 7y as shown in figure 9. The coordi-

nates RA and DEC can be transformed into @, B, and y by performing rotations
through the angles 2, w, and i, as shown in figures 8 and 9. In the first transforma-
tion, the Xc-axis is rotated about the Zc—axis through an angle € into the line of nodes

(fig. 5). In the second transformation, the Yc-axis is rotated about the Xc—axis through

the angle i. Finally, the Xc -axis is rotated through an angle w about the Zc -axis.

Performing the two transformations gives the following relationships:

cos a = [(cos w)(cos Q) - (sin w)(sin £)(cos i)] (cos RA)(cos DEC)
+ [(cos w)(sin Q) + (sin w)(cos Q)(cos i)] (sin RA)(cos DEC)

+ (sin w)(sin i)(sin DEC) (25)

cos ¥ = [(-sin w)(cos Q) - (cos w)(sin £)(cos i)] (cos RA)(cos DEC)
+ {(-sin )(sin w) + (cos )(cos cp)(cos i)] (sin RA)(cos DEC)

+ (cos w)(sin i)(sin DEC) (26)

cos B = (sin )(sin i)(cos RA)(cos DEC)

+ (-cos Q)(sin i)(sin RA)(cos DEC) + (cos i)(sin DEC) (27)

For convenience, the derivations of equa-
z tions (25) to (27) have been omitted.

P After the position of the Sun with
respect to the planet and the orbital plane
has been obtained, the final step is to

% determine the position of the Sun with re-
spect to the orbiting spacecraft. In the
following paragraphs, the position of the
Sun is determined with respect to spin-

(ﬁ sun  ning, planet-oriented, and Sun-oriented

vehicles.

Celestial body ——
(Earth, aplanet other than

Earth, or the Moon}

Position of the Sun with respect to
spinning vehicles. - Some of the solar
energy that strikes the planet and the at-
mosphere of the planet is scattered back
into space and impinges on the orbiting
vehicle. This radiation (albedo) travels

Figure 9. - Position of the Sun relative
to the planet coordinate system.
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through the angle 9S (fig. 2). The sum of the direction cosines of the planet-vehicle
line times the sum of the direction cosines of the Sun-planet line is equal to cos GS,

which reduces to .
XP YP
cos Gs = COS @ + 5 COS Y (28)

Solar energy directly irradiating the vehicle is the same throughout the orbit
(except when the vehicle is shaded by the planet) if the assumption is made that the
period of rotation of the spinning sphere is short (that is, that all surface elements
continuously receive radiation from the Sun), and if the assumption is made that the
Sun is a point source infinitely far away. Therefore, no other angles relating the
position of the Sun with respect to the vehicle are required.

Position of the Sun with respect to planet-oriented vehicles. - The relative posi-
tions of the Sun, vehicle, vehicle element, and planet are defined by the angles QS,

AS, 6 (fig. 10), and GS (fig. 2). The function cos GS for a planet-oriented vehicle is
the same as cos BS for a spinning vehicle and is given in equation (28).

Since Zv is parallel to Z_ and

Planet-oriented vehicle " since it is assumed that the Sun is a point
source infinitely far away, it follows that

2 =8 (29)

It can also be shown that

Planet

X
\
\;To planet To Sun Ag=2Z- g+m (30)

Figure 10. - Position of the Sun relative
to the vehicle coordinate system
(planet oriented).
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where X is the true anomaly of the solar projection of the Xp-Yp plane (fig. 4d).
AS is negative, 27 radians must be added to As. However, only sin AS and cos AS

are required by the analysis in this report; therefore, equation (30) need not be modi-
fied for negative values.

The angle § between the element-vehicle line and the Sun-vehicle line is derived
by adding the products of the corresponding direction cosines of the two lines, which
gives

cos 6= sin Q' cos A' sin SZS cos As

+ sin Q' sin AS sin QS sin AS + cos Q' cos 2 (31)

Position of the Sun with respect to Sun-oriented vehicles. - The angle GS i8 inde-

pendent of vehicle orientation; therefore, cos BS for a Sun-oriented vehicle is the

same as cos GS for a spinning vehicle, which is given in equation (28).

By definition, the Xv-axis is directed toward the Sun; therefore

(32)

wn
Do

and

A =0 (33)

as shown in figure 11.
) The angle & between the element-vehicle line and the Sun-vehicle line can be
derived by combining equations (31), (32), and (33) to obtain

cos § = sin QS cos AS (34)
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NUMERICAL ANALYSIS

Sun-oriented vehi ,
un-oriented vehicle It is important that numerical tech-

niques be both accurate and fast. The
accuracy and speed of numerically inte-
grating an equation such as the general
thermal expression given in equation (19)
are related to the specific method and
step-size to be used and to the complexity
of the function. Of course, accuracy also
depends on proper application of the nu-

Xy [—
Planet £ V[TToSun S merical technique employed.
\tlanet
b Method of Integration
Figure 11. - Position of the Sun relative Multistep methods require a con-
to the vehicle coordinate system stant step-size. Although they are gen-
(Sun oriented). erally faster than single-step methods;

their use for this specific problem would

necessitate a time-consuming iterative
solution of equation (18) to find the true-anomaly increment corresponding to the
constant-time increment. Consequently, a single-step integration method is chosen,

An analysis of single-step methods in relation to the general equation to be solved
resulted in the selection of the fourth-order Runge-Kutta technique. This method has
long been accepted as being the most accurate and the fastest method. The Runge-
Kutta technique is well suited as a rapid method for use in equation (19), since C1 and

C2 need to be calculated only once during each time interval. In the solution of

equation (19), the integration speed of the fourth-order Runge-Kutta method is very
close to the integration speed of a lower ordered method, or even to the integration
speed of the multistep methods that are normally much faster.

Step-Size and Error Analysis

Assuming that the error attributable to a given single-step method is less than
the maximum tolerable error, optimization of operating speed can be achieved by
investigating the question of maximum step-size.

The computer program has been written so that a step-size Af can be input to
the computer. The program prints out every nAf@ interval, where n is a specified
integer; however, calculations may be based on a smaller, more practical interval for
accuracy, speed, and stability. The practicality of Af@ is determined at the start of
each interval. Practical step-size and its determination by the program are described
in appendix C.
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The errors induced by numerical integration can be broken down in the following
manner.

+e (35)

where En = total errorat t=n

& 4= one-step truncation error (the error caused by approximation over step n)
& 5= accumulated truncation error over steps 1ton -1

?
e = accumulated effect of round-off error over n steps

Accumulated errors. - Contrary to the usual case in numerical analysis, the sum

of the accumulated errors € o and €0 is bounded by some number B, which is

much less than the accuracy of the input data for any practical step-size and is there-
fore negligible regardless of total integration time. The boundary is a result of the
stability of the function to be integrated; that is, the solution converges to a specific
temperature at a given true anomaly and, on all subsequent orbits, will be virtually at
that temperature. Since the temperature at point n in one orbit is the same as the
temperature at point n in the next orbit, there is no significant accumulation of errors.

To test this error analysis, a spinning-satellite case was programed for the
IBM 1620 computer so that € 5 and €0 could be analyzed separately. To show that

€., was nearly zero, the program was run using eight-digit and then 12-digit accuracy.

The difference in the two solutions occurred in the seventh or eighth decimal place in .
all the orbits run.

The analysis included the calculation of a function proven to be asymptotic to the
accumulated truncation error of the integration (ref. 2). Although the solution of this
function was small with respect to the solution of the thermal equation and was oscilla-
tory in nature, it did increase gradually in magnitude. Nevertheless, the stability of
the function was generally verified, since asymptotic approximations are not exact.

One-step truncation error. - To study e

oo’ the IBM 1620 computer analysis for

total truncation error was used again. Since the one-step error e made during the

t,1
first step is generated by the accumulated error function, the analysis necessarily con-
tained the rudiments of a one-step error function. The only modification necessary to
generate the one-step errors continuously was to make the computer "'think'' that each
step was the first. This technique was applied to the integration of many differential
equations with closed-form solutions and was found to have good accuracy. Although
the level of effort did not permit extensive application of this technique to equation (19),
the runs that were made indicated that any practical step-size gave an e of less

t,n
than 0.05° R.
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Since the sum of the accumulated errors is bounded by B, equation (35) can be
written as

n=%n* B (36)

The results of the error analysis indicate that & < 0.05° R and that B < 0.1° R;

therefore, the total error attributable to the nume’rical integration is

En < 0.15° R (37)

which is negligible, considering the accuracy of the input data.

Integration Technique When the Function Is Nondifferentiable

A major contribution of the numerical analysis was the discovery and elimination
of a significant error caused by misapplication of the integration techniques employed
in previous similar studies. In all standard numerical techniques, the function to be
integrated is assumed to be continuously differentiable at every point in the integration
interval. This assumption does not apply to equation (19) because of the behavior of the
constant C 1 When the orbiting vehicle enters or leaves the shadow of the planet,

C1 may change suddenly from a relatively large number to almost zero, or vice versa,

causing the function to be nondifferentiable at the Sun-shade points. Inthe IBM 1620
computer analysis, the single-step error inan interval containing a Sun-shade point
was revealed to be much larger (up to 10° R larger) than the total accumulated error
encountered immediately prior to that interval. In support of the stability conjecture,
even this large error became negligible after a few integration steps.

The error from misapplication is eliminated by subdividing each interval contain-
ing a Sun-shade point so that the nondifferentiable point coincides with the boundary of
the interval and thus does not exist within the interval.

DIGITAL COMPUTER PROGRAM

The determination of impinging heat loads, absorbed heat loads, and transient
temperatures for up to 200 surface elements of a spacecraft in orbit is an ideal applica-
tion of a high-speed digital computer. Performing this determination in any other
manner would be impractical, at best. Accordingly, a Univac 1108 computer program
incorporating the theory and numerical techniques described in the previous sections
has been written and validated. Programing was done in FORTRAN V to facilitate any
modifications that the program user might wish to perform. Appendixes D to J provide

the program user with detailed information on the computer program source and data
deck structure.
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Summary of Computer Program Capabilities and Applications

The computer program is designed to compute, plot, and print out heat loads and
temperatures for a vehicle in orbit about the Moon or about any planet except Pluto.
The orbiting vehicle may be spinning or have a fixed orientation with respect to either
the Sun or the celestial body orbited. The planet surface temperature, which is used
in determining the amount of impinging thermal radiation originating from the planet,
is assumed to be constant for all celestial bodies except for the Moon, for which sur-
face temperature may be considered either constant or variable.

The heat loads during one orbit or any fraction of an orbit can be determined by
the computer program. When it is necessary to compute temperature, more than one
orbit may be specified. However, if all of the temperatures become stable (that is,
differ by less than 0.5° R from one orbit to the next), the case being computed is auto-
matically terminated.

The optical properties,. specific heat, and density of the vehicle coating(s) and
substrate(s) are temperature dependent. Up to 21 data points of material property ver-
sus temperature from 0° to 10 000° R (the effective temperature of the Sun) may be
specified. Absorptance with respect to heat flux radiated by the planet is found as a
function of the effective temperature of that part of the planet actually radiating to the
element of an orbiting vehicle. A maximum of eight tables of optical properties may
be used. Eight tables of specific heat and of density corresponding to eight possible
substrate materials for vehicle skin may also be used.

When temperature calculations are desired, up to eight schedules of internal heat
versus time can be used. Each data set is input as a table of internal heat and switch-
ing time, corresponding to a change to the next value of internal heat. As many as
20 different values (10 duty cycles) may be included in each of the eight tables. If the
program runs for more than one orbit, the same sequence of internal heat loads is
applied for the successive orbits.

Satellite position in orbit is given by the true anomaly § measured from perigee.
A starting value ﬂo and a step-size A@ are input. The starting value ﬂo must be

between 0° and 360°, and A@ must be a submultiple of 360° and must be = 2°. For
example, 2°, 5°, 6°, 7.5°, 8°, 9°, or 10° are all acceptable values for Af, but 7° is
not acceptable, since 360/7 is not an integer.

The step-size Af may be subdivided internally to give the optimum interval with
respect to accuracy and computer time; however, the input value of A@ will not be ex-
ceeded. For temperature calculations, external heat fluxes are considered constant
throughout the specified A@ interval, provided the vehicle does not pass in or out of
the shadow of the planet during the time corresponding to A@. Furthermore, only one
change in internal heat for each element is recognized per interval. Experience indi-
cates that A@ = 10° is a reasonable upper bound.

The position of the Sun relative to the orbit may be given conventionally as right
ascension and declination, both of which can be obtained from an ephemeris; or the
position of the Sun may be specified in terms of the angles a, ¥, and g relative to
the Xp, Yp, and Zp coordinate axes. ‘
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As many as 200 elements of oriented vehicles may be processed in a single case.
Each element has a specified thickness, initial temperature, and position on the vehi-
cle. An element may use one of eight choices for each of the following: optical prop-
erties, substrate material, and internal heat duty cycle.

The effects of variations of thickness, initial temperature, material, or internal
heat loads can be studied in a single case if a number of elements are chosen with the
same positions, but with different values for the other parameters. Thus, a single
case may be an entire parametric study in itself. Additional flexibility is provided so
that the unchanged values can be represented by blank fields in the input deck if any of
the input parameters are to remain the same from one case to another.

General Deck Preparation
Figure 12 is an illustration of the physical sequence of the deck structure re-

quired. The name shown on the card preceding each routine (i.e., DECK1) can be re-
lated to the actual name of the routine by the following list:

EXEC PILGT
DECK1 = HEAD
DECK2 = TINPUT
DECK3 = LggP
DECK4 = TgUT
DECK5 = HEAT

DECK6 = FREAD
DECKT7 = QIFIND
DECK8 = TALLY
DECK9 = L@CUS

DECK10 = TEMPER
DECK11 = INIT
DECK12 = FIND

DECK13 = SUNgR
DECK14 = BETA90
DECKI15 = WYE
DECK16 = SIGBET
DECK1T7 = INTERP
DECK18 = ARRgUT
DECK19 = ARC@S
DECK20 = QUART
DECK21 = PHIFN
DECK22 = GFN
DECK23 = FgFXY
DECK24 = DELTA
DECK25 = ERR@R

DECK26 = GEfFAC
DECK27 = QIIN
DECK28 = DDVETA
DECK29 = DDFERI
DECK30 = TABLE
DECK31 = MAIN2
DECK32 = DRAW
DECK33 = SKALE
DECK34 = XINTRP
DECK35 = ACCEND
DECK36.= HILgW
DECK37 = TIDENT
DECK38 = FDTA

If Stromberg-Carlson 4020 (SC-4020) plots are not requested, LINK2 may be
omitted entirely. This can be done by deleting card number DK033000 of subroutine
L@@P (DECK3) and by removing all subroutines which make up LINK2 (DECK31 through
DECK38). This procedure must be used if data-computation facilities do not have
SC-4020 capabilities described in appendix H.

Data Deck Preparation

The data deck consists of three groups of data. They are the permanent-data

cards, the material-properties cards, and the case-data cards.

The permanent data

consist of 147 permanent-data cards that include 144 cards containing the radiation
configuration factors and three cards containing alphabetic data used in headings. For
documentation purposes, the permanent-data cards are listed as part of the sample-
case input data discussed in appendix G. Since the permanent data must be used ex-
actly as listed, only the material-properties data and case data shall be of concern for

data preparation.
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{BACK OF DECK)
EOF

BLANK CARD
CASE DATA FOR ONE OR MORE CASES
SEPARATED BY BLANK CARD:=

DEFINED AS DATA DECK
MATERIAL PROPERTIES DATA

PERMANENT DATA DECK (147 CARDS) ‘

XQT EXEC

I
7
(—————

DECK38
s

FORDECK38, DECK38
DECK3 TO DECK37 !l N
DEFINED AS SOURCE DECK

FOR DECK2, DECK2

|
DECK2 FORTRAN DECK l I

DECK1 FORTRAN DECK
FOR DECK1, DECK1

EXEC FORTRAN DECK
FOR EXEC, EXEC
$ JoB

(FRONT OF DECK)
Figure 12. - Deck structure.
Appendix I is a guide for preparing program data. The guide is complete enough

that the program user can use the appendix to prepare data decks. Additional informa-

tion and the related theory are described in other sections of the report and in the
other appendixes.

COMPUTER PROGRAM APPLICATION

A hypothetical lunar mission was run, using the described computer program.
For the hypothetical lunar-orbital mission, the spacecraft was planet oriented, and a
variable planet surface temperature was used. The orbit parameters were such that
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pericynthion occurred over the intended landing site, which was 13° south of the Moon
equator and 3° east (as seen from Earth) of the prime meridian of the Moon. A detailed

discussion of the use of the computer program in spacecraft design and orbit selection
is presented in reference 3.

Pertinent orbit data consisted of the following:

Altitude H, n. mi. . . . . . o v v v v v oo v b 10 to 190
Inclination i, deg . . . . . . . ¢ .« v v v o v v 13
Right ascension of ascending node 2, deg . . . . . 87
Argument of perifocus w, deg . . ... ... ... 270
True anomaly at initial time ﬂo, deg . ...... 0

The mission was flown on December 1, 1963. The position of the Sun in selenographic
coordinates, as given by an ephemeris, was as follows:

Colongitude, deg . . . . . . . ¢« o v ¢ v v v v 0. 88.74
Declination DEC, deg . . . . . . .. v v o v . 0.86
Right ascension (90° - colongitude) RA, deg . . . 1.26

At a declination of 0.86° and a right ascension of 1.26°, the Sun is almost in the orbital
plane.

The temperature-time history of differently oriented and differently painted sur-
face elements reveals several interesting characteristics. In figure 13, it is shown that
a white element facing away from the Moon cools initially, even though it may be facing
almost directly into the Sun. However, a similarly oriented black element rises to a
peak temperature at @ = 60°, then gradually drops in temperature as it turns away
from the Sun. This difference is to be expected, since the white element reflects a

considerable amount of solar energy; whereas, the black element will absorb most of
the solar radiation that impinges upon its surface.

In figure 14, it is shown that the temperature curves of a black element and a
white element facing the Moon are similar, since black and white elements absorb
long-wavelength radiation in almost the same amount. Also, the hump in the black-
element curve at about @ = 100° and @ = 260° occurs because both elements are
briefly irradiated by the Sun immediately before entering the shadow of the Moon and
immediately after leaving the shadow. However, the hump appears in the black-
element curve only, since the black element absorbs the solar radiation more readily.

In figure 15, comparison of the black element facing the Mobn with the black
element facing away from the Moon and toward the Sun reveals that at d=0° the
element facing the Moon is almost as hot as the element facing away from the Moon and

toward the Sun. The conclusion is that, at low lunar orbits, planet heat can be as sig-
nificant as solar heat.
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To investigate the effect of the surface temperature gradients of the Moon not
being considered, the same case was run, assuming a constant Moon temperature. The
resulis plotted in figure 16 reveal that the constant-Moon-temperature curve is a flat
curve that averages out the maximum and minimum peaks of the variable-Moon-
temperature curve. It is clearly shown in figure 16 that a significant variation (about
100° R) is caused by neglecting the surface temperature gradient of the Moon. These

results confirm the importance of the variable-planet-temperature method in analyzing
lunar missions.

CONCLUDING REMARKS

An operational computer program to predict spacecraft heat loads and tempera-
tures has been developed. The program is applicable to a wide variety of vehicle-
mission combinations. Although no unduly restricted assumptions are incorporated into
the celestial, thermal, and numerical theory, certain conditions were not considered
in order to retain the desired versatility. However, the program was written so that
it could be expanded readily to include additional features and details.

Manned Spacecraft Center
National Aeronautics and Space Administration
Houston, Texas, August 22, 1968
039-00-00-85-72
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APPENDIX A

INTERSECTION OF ORBIT AND SHADOW

The intersection of the orbit and the shadow can be determined by simultaneously
solving the equations that express the vehicle path and the trace of the shadow on the

orbital plane.

If B=0° or B=180° the trace of the shadow is a circle of radius rp
not intersect the vehicle orbit. (The angle B is illustrated in appendix B.) K

that does

0° < B < 180°, but B # 90°, the trace is a semiellipse, as shown in figure A-1. The

equation of the orbit path, based on the notation shown, is

(A1)

Planet

\ Vehicle orbit

Sun-shade points

Figure A-1. - Intersection of the orbit plane and the shadow of the planet.
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The corresponding expression for the intersection of the shadow with the orbital plane
is

. 2 . 2
(Xp cos T +2Yp sin Z)) . (Xp sin T - ;{p cos E) 1 A2)

a b
'S s

Equations (A1) and (A2) can be combined to yield a biquadratic (quartic), which is
solved in this analysis by the Ferrari method. Other numerical approaches may be
faster, but they become unstable in some cases. The Ferrari method, which can be
used to solve any quartic equation, is explained in most theory-of-equation texts and
in many mathematical handbooks (for example, ref. 4).

After the quartic equation has been solved for X , the corresponding Yp values

can be determined from either equation (A1) or (A2); however, care must be taken to
avoid accepting an extraneous root. Extraneous roots do not occur if both equations are

solved for sz and the expressions equated. The result reduces to the following equa~

tion, which is single valued for all Xp.

2
Y b
—513 = xEcos B cos 2)2 + sin22:!- (—;)
2 2
+(§) [(1 - X +§)] Ecos 8 sin 2) + cos2Z_T._| (A3)
where
X
x=-2 (a4)

The true ainomaly of the Sun-shade points is calculated from

=

tan @ = X—P (A5)

(=]
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If the shadow and orbit ellipses do not intersect or if they cross in only two
places, the quartic equation can yield spurious (that is, false) real roots. Since equa-
tion (A3) is valid only at the ellipse intersections, solutions of equation (A3) that cor-
respond to spurious roots are meaningless. Therefore, the validity of each pair of
coordinates must be determined, and this is accomplished by testing whether the X

and Yp values satisfy both equations (A1) and (A2).

I B =90° the trace of the shadow ellipse degenerates to a pair of parallel lines
that are expressed in polar form as

r_ sin(z - §) = T, (A6a)

and

T, sin(Z - @) = -r

o (A6b)

where Ty is the distance from the lines to the center of mass of the planet. A similar
expression of the orbit ellipse is

b2

ro=a+ccos¢ (A7)

where r, is the distance from the orbit ellipse to the center of mass of the planet.

Equating ry and r o in equations (A6a) and (A7) gives

(bzsin %+ crp> cos @ - bzcos > sin g - arp =0 (A8a)

In general, equation (A8a) is transformed to a quadratic in cos § by substituting

1/2
+ (1 - c052¢> for sin #. The roots of this quadratic are substituted into equa-
tion (A8a) to give sin §. Once sin @ and cos § are known, § is easily found. A
similar procedure yields the other Sun-shade point if equations (A6b) and (A7) are
equated.

(bzsin z+ crp) cos @ - bzcos > sin @ + arp =0 (A8Db)
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If the coefficient of sin # or cos @ in equation (A8b) vanishes, the problem is
less difficult, in that sin @ or cos @ can be solved for directly, and the corresponding
)1/2 1/2

function is determined from either sin @ = + (1 - cos2¢ ., or cos @ =1+ (1 - sin2¢)

Equations (A5) and (A8b) may give zero, two, or four valid mathematical roots;
however, two of the roots may not satisfy the condition that the Sun-shade points lie on
the shaded side of the orbit. A root is discarded unless the angle between the line con-
necting the Sun-shade point and the planet and the line of the projection of the Sun on the
orbital plane is obtuse.
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APPENDIX B-
RADIATION HEAT-TRANSFER DERIVATIONS

A general expression for thermal radiation from one surface to another can be
derived by considering the total radiation from the emitting surface. This derivation
may be visualized by placing a hemisphere over the emitting-surface element Ae’ as

shown in figure B-1. This hemisphere will intercept all of the heat emitted from Ae’
and the radiation received by an element d.Ar is given by the equation

o - ,ee cos geAe cos Q/r

12 dAr (B1)

where ﬁr (not shown) is the angle between a normal to dAr and a line from dAr to
Ae’ and €q is the emittance of Ae' The proportionality factor I is shown as the
intensity of radiation. Assuming that the emitting surface is diffuse, the intensity is
independent of direction and is constant. The apparent or intercepted intensity is pro-
portional to Ae’ as seen from dAr on the hemisphere. Thus

I (ﬂe) =1 cos ¢e (B2)

which is Lambert's cosine iaw. It dAr
is on the hemisphere surface, ¢ is 0°%;
therefore

Figure B-1. - Mathematical model for
deriving the general thermal-radiation
equation.



Writing dAr in terms of ¢e and ¥ and integrating, equation (B3) becomes

27 /2
q= IAeEe f dy cos ¢e sin ﬂe d¢e = IAeeeﬂ (B4)
0 0

The heat radiated by A, is

4 )
Yout = €e (aTe )Ae - eeEeAe (B5)

where Ee is the emissive power of Ae' Since all of the emitted heat is intercepted

by the hemisphere, the heat emitted is equivalent to the heat received. Equating equa-
tions (B4) and (B5), simplifying the results, and solving yields

Ee

I=— (B6)

Combining equations (B1) and (B6) and introducing the absorptance a, of the receiv-

ing surface gives the general equation for radiant heat transfer between two surfaces

Ee cos geAe cos qraree
dq = !LZ dAr (B7)
m

, In the following section of this appendix, equation (B7) will be used to derive
specific equations that express the amount of planetary and albedo heat that is re-
ceived, absorbed, or both, by either a spinning or an oriented vehicle. Derivations
will be made for constant-temperature planets, as well as for variable-temperature
planets.

Planet Heat Flux for a Spinning Vehicle -
and Constant Planet Temperature

Seavey (ref. 5) simplified the mathematics of the derivation with the theorem
that the flux incident on a small surface element from an extended source of uniform
brightness is independent of the shape of the element and the shape of the emitting
surface. A modification of Seavey's solution is developed by first replacing the part
of the planet that the vehicle receives radiation from with a concave disk of radius £,
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as shown in the top portion of figure B~2. This geometrical substitution can be visual-
ized by observing that the Sun, a uniform emitting surface with respect to surface
position, appears to the observer on Earth as a disk. Similarly, the vehicle is re-
placed by a flat disk that has an infinitesimal area, compared to the area of the planet
disk.

It can be seen in the center diagram
/\ , of figure B-2 that every line between the
Mo Vehicle vehicle and the planet intersects the planet
l / concave disk perpendicularly. Likewise,

i Vehicle disk the vehicle-planet lines can be made nor-
Planet mal to the planet concave disk by letting
the disk pivot about its center, allowing the
planet differential elements to receive
radiation from different orientations of the
vehicle disk. Thus, in the bottom portion
of figure B-2, element A receives radia-
tion from element A', and element B re-
ceives radiation from element B'. The
pivoting of the planet concave disk is
justified by the previously mentioned
theorem employed by Seavey.

Vehicle-planet line

fp D —4 Planet concave disk

Vehicle disk

Equation (B7) is modified to express
the heat received by a vehicle area AV

Planet

from a ring-shaped element of area dAp
as

Planet differential etement
EpcosﬁpcosgAe a

dg = VVD Dya
p nlz p

Planet differential element A
/ (B8)

/ Vehicle disk A’

Assuming that celestial bodies are perfect
Planet \Vehme disk B’ emitting surfaces (that is, that ep = 1) and

\\ substituting #, = §_=0°, equation (B8)is
Planet differential element B reduced to

Figure B-2. - Seavey's model for deter-
mining radiation between two spheres EA a

of uniform brightness. __PVD
dq:p = 7712 dAp (B9)
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The planet differential area and the effective vehicle area are

da, = [2n(¢ sin M)](¢ @) = 270 %sin 2 dr (B10)
and
2 .
A =1r. (B11)
v v
The emissive power is
E_ =oT (B12)
p p

where Tp is the average planet temperature. A heat balance on the planet yields

1/4
o o [s- R)]

o ic (B13)

Combining equations (B12) and (B13) gives

4
q1/4
E - 0{[_5_(_{4_0&] } (B14)

which becomes

g -S1-R)

o ) ‘(B15)

Substituting equations (B10), (B11), and (B15) into equation (B9) and integrating
yields the desired relationships

2 -
qp = 25(1 - R)apFlﬂrv Tp = constant (B16a)
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and

P 5 = 5 P Tp = constant (B16b)
41rrv

where

R ECHN

The planet heat rate per unit area impinging on the spherical vehicle is

'A; = 25(1 -~ R)F1 Tp = constant (B164)

A derivation not based on Seavey's theorem can also be made and will be pre-
sented in condensed form. The heat emitted from planet element dAp (fig. B-3) and

absorbed by a satellite of radius ry is

2
Ep cos (Xp cos ¢v dA o € nr

PppPpp Vv
P 7l 2

Again substituting € = 1, ¢v =0, and Ep =8(1 - R)/4 and integrating, equation (B17)
becomes

S(1 - R)rvza(p cos ﬂp
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Planet element
Solar flux

Planet

Note: The Sun- planet-vehicle plane lies
in the plane of the page.

Figure B-3. - Geometry for determining heat exchange between
planet and spinning vehicle.

It can be shown that

Dcosé~-r
cos Qp = 7 (B19)
2 2 2
17 = D" -2 6 B20
Tyt rpD cos (B20)
and
da, = rpzsin 0 4o dgf (B21)

where the variables are illustrated in figure B-3. Equations (B19) to (B21) were used
in reference to evaluate an expression similar to equation (B18), and from this work
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the following equality can be developed

5 1/2
cos ¢ (rp)
——ilz A =27{1-|1-{F (B22)
Combining equation (B22) with equation (B18) gives
g 1/2
S(1 - R)Olp (rp) 9
qp =—a 1-]1- 5] T Tp = constant (B23)

which is equivalent to equation (B16a).

Planet Heat Flux for a Spinning Vehicle
and Variable Moon Temperature

Equation (B17) for radiant heat exchange between a surface differential element
and a spherical satellite is applicable also to a variable Moon temperature. If the
Moon has a negligible atmosphere and is a good thermal insulator, the element dAp

is in thermal equilibrium. That is, if mechanisms for heat transfer do exist (for
example, conduction and convection in a planet atmosphere) so that dAp is not in

equilibrium, the surface temperatures tend to approach an average value. Also, the
presence of an atmosphere, which may change considerably from one orbit to the next,
makes it impractical to prepare meaningful albedo input data. Thus, average albedo
values are used for the planets, and the method for constant (that is, average) planet
temperature is employed. Based on the correlation of independently obtained experi-
mental data, the Moon, as ''seen'' by a spacecraft in lunar orbit, for all practical
purposes, can be considered a smooth sphere when determining the lunar planetary
heat received by a lunar-orbital vehicle. Therefore, the heat emitted is equivalent to
the solar heat absorbed, as shown in figure B-4, and

Ep =q =q,:= S(1 - R)cos B (B24)
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Reemitted flux

Réemitted flux = Solar flux-cos 8

Moon

Moon element -/ Solar flux

Figure B-4. - Heat emitted by an element of a variable-
temperature Moon.

Combining equations (B17) and (B24), letting ep =1 and ¢V =0, integrating, and re-

S(1 - R)rvzap:l cos ¢p
q, = 4 1 cos B 2 dAp (B25)

The function cos 8 is shown to be

arranging yields

cos B = cos 8 cos OS + sin @ sin es cos @ (B26)

which can be approximated by

cos B = cos GS (B27)
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Equation (B27) can be mathematically substantiated for small values of # since

lim cos B8 = cos 9 (B28)
00

For larger values of 6, the altitude is large and F is small; consequently, the error
introduced by the approximation is relatively insignificant. Combining.equations (B25)

and (B27) gives
S(1 - R)r oz cos Q
qp ~ 4 cos 0 l: ﬂ (B29)

Combining equations (B22) and (B29) gives

2
q_p = 85(1 ~ R)aszwrv T o # constant (B30a)
and
. 5 = 25(1 - R)asz Tp # constant (B30Db)
v
where
( \
g 1/2
r
[1-l-(8)
Fy ~ ) >cos o (B30c)
\ /
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The variable-temperature planet heat rate per unit area 1mp1ng1ng on the spherical’
vehlcle is

A—V = 88(1 - R)F2 Tp # constant (B30d)

An expression similar to equation (B25) has been numerically evaluated by
Ballinger (ref. 6) on a digital computer. The resulting F-factors were tabulated as
a function of altitude H and Sun-planet-vehiclé angle Bs. (The table of F-factors

was duplicated at MRI as part of a study to determine the effect of surface topology on
planet thermal emission.) The approximate radiation configuration factor F2 is

related to the tabulated factor F(H, HS) by

(B31)

Random values of F (H, GS) /8 and the approximate function F, are plotted in fig-

ure B-5. As expected, the percent deviation is small for large values of F, and the

14x 1072 :
. _F(H.6)
K
12
u 10 D — H = 50 miles Approxxmate solutton
S
E’ \\/ Numencal soluuon
S 38 /
2
Y == L2 \

H = 5000 miles
H =15 000 Y & b R
miles 9 —

0 10 2 30 40 50 60 70
O, deg ’

Figure B-5. - Radiation configuration factors, approximate
and numerical solutions compared.
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‘magnitude of deviation is negligible for low values of F; therefore, the approximation
cos B~ cos GS introduces insignificant errors into the derivation of F2. Conse-

quently, the F2 function has been incorporated into the computer program in lieu of
the slower table-reference method to obtain F (H, GS) / 8.

The dark side of a variable-temperature Moon is essentially in thermal equilib-
rium; therefore, the heat emitted can be derived from the relations that are applicable
to a constant-temperature planet. '

The emissive power is

=
]

oT (B32)

where Tm is the dark-side or minimum temperature of the Moon. Combining equa-
tions (B32), (B9), (B10), and (B11) and integrating gives

4 2 .
qp = 80Tm ozpF177rv Tp # constant (dark side of planet) (B33a)
and
4—:-5—2- = 20Tm4apF 1 Tp # constant (dark side of planet) (B33b)
- ¥,
where

The heat impinging on the sphere is

% _ 4 .
It 80Tm F1 Tp # constant (dark side of planet) (B33d)

v
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Albedo Heat Flux for a Spinning Vehicle

Solar radiation reflects diffusely from celestial bodies; therefore, the equations
derived to express planetary diffuse thermal emission can'be modified to be applicable
to albedo calculations. Albedo includes solar energy bounced or scattered from the
atmosphere above dAp, as well as solar energy reflected from the planet surface

element. The heat reflected from differential element dAp (fig. B-3) and absorbed
by AV is given by the famil’;ar relationship

2
Ep cos Qp dApazst-:SﬁrV

49, 1bedo = 3 (B34)
l
where Ep is the effective emissive power of the element
Ep =S8R cos B (B35)

Combining equations (B34) and (B35), letting €, = 1, simplifying, and integrating gives

cos @
Lipedo = SRrvzaSjﬁcos B)( ;12 p dAp) (B36)

Introducing the approximation cos g = cos GS, equation (B36) becomes

cos @

_ 2 p
U ibedo = SRrV a_ cos Gsf] 22 dAp (B37)

Substituting equation (B22) into equation (B37) gives

Uibedo = 8SRa SFzﬂrv (B38a)
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and

Q.
pon 25Ra _F, (B38b)
r

where

Fm<

9 Pcos GS (B38c)

k )

The albedo heat rate per unit area impinging on the spherical vehicle is

qalbedo

Ay

= 8SRF (B38d)

2

Planet Heat Flux for an Oriented Vehicle
and Variable Moon Temperature

Equations that express the amount of thermal radiation received by a flat element
in space can be derived from equation (B7). The derivations for a flat element are
similar to the derivations for a sphere; however, the plate is not necessarily sym-
metrical with respect to the vehicle-planet line; consequently, the orientation of the
plate is difficult to define. The heat absorbed by the flat-plate element (fig. B-6) from
the variable surface temperature of the Moon is

E cos@ cos@ dA a e A
qp 1722
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Vehicle element ——_

Note: The Sun-planet-vehicle

Planet plane lies in the plane of the page.
\

Figure B-6. - Geometry for determining
heat between planet and vehicle ele-
ment.

Sun-~planet line™\

Planet-vehicle line

Orbit path Vehicle
Element vector

Vehicle element

Figure B-7. - Angular variables for de-
termining radiation configuration
factors of oriented vehicles.

Combining equations (B40) and (B41) gives

qp =S(1 - R)astAv

and

Phe

=8(1-R)a_F
( )p

Substituting € =1 and Ep =S(1 - R)cos B

(eq. (B24)) into equation (B39) and inte-
grating yields

qp =8(1 - R)atpAv

/]cos B cos ¢p cos QV N
ﬂlz p

(B40)

An equation similar to equation (B40) was
numerically integrated in reference 6, and
the following equality was developed.

/]‘cos B cos Qp cos le A
2 j
7l

o= F3(H, es, gc, E)

(B41)

where H is vehicle altitude, and the pa-
rameters OS, !Jc, and € are illustrated in

figure B-7. Values of F3 as a function of

the four independent variables have been
calculated and tabulated. The validity of
the radiation-configuration-factor table was
investigated and established by hand calcu~
lations for numerous special cases and for
two general cases,

Tp # constant (B42a)

Tp # constant (B42b)

3
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where values of F3 are found by reference to the radiation-configuration-factor table.
The planet heat rate per unit area impinging on the flat plate is

A; =8(1 - R)F3 Tp # constant (B42c)

Planet Heat Flux for an Oriented Vehicle
and Constant Planet Temperature

The emissive power of a planet of uniform temperature is independent of p;
Ep = 8(1 - R)/4, as in equation (B15). Substituting the expression for Ep into

equation (B39) and integrating gives

S(1 - R)a A '
(1

Comparing equations (B41) and (B43), it is seen that

/f cos ﬁp <:20s SXV " =ffcos (8 = O)cos ¢p cos ﬁv i (844
ml p 1r,0.2 b

Introducing the approximation cos B~ cos GS, which was previously shown to have

a negligible effect on accuracy, equation (B44) becomes

cos {Zp cos ¢V
ff———ﬂ—z———— dA ~ Fy(H, 6 =0, g€ (B45)

Combining equations (B45) and (B43) gives

S(1 - R)azpF4AV

qp = 7 Tp = constant (B46a)
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and

qp S(1 - R)a_F 4 _
—t. = -——-———-——P——- ;—4
Av ) Tp constant (B46b)

where values of F 4 are found by reference to the radiation-configuration-factor table
and are the same as F 3 except for one of the independent variables GS that is
treated as a constant zero. The impinging heat rate is

= Tp = constant (B46c)

P

The dark side of the variable-temperature Moon is esSentially in thermal equi~
librium; therefore, the heat emitted can be derived from the equations that are appli-
cable to a planet of uniform temperature.

Substituting the emissive power (Ep = GTm4) of the element shown in figure B-6

into equation (B39), integrating, and introducing the equality given in equation (B45)
gives '

4 .
qp =0T apF 4Av Tp # constant (dark side of Moon) (B47a)

and

9 4 .
A—v- = on apF 4 Tp # constant (dark side of Moon) (B4'b)

where F 4 is found by reference to the radiation-configuration-factor table. The
incident heat rate is

9, 4 . .
K; = on Fyu Tp # constant (dark side of- Moon) (B47c)
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Albedo Heat Flux for an Oriented Vehicle

The solar heat reflected from dAp and absorbed by Av (fig. B-6) is

Epcos(l cosﬁ dA_a € A

P s8V
dqalbedo I 2 (B48)

Subst1tutmg the effective emissive power. of the pla.net element (eq (B35)), letting
= 1, simplifying, and integrating gives

cos B cos ¢p cos ¢v
%aibedo = SRa sAv 2 dAp (B49)
md

The desired relations are found by combining equa.fiqns (B41) and (B49) to obtain

Ya1bedo = SRAGF A, (B502)
and
qalbedo .
T = SRa SF3 (B50b)

where F3 is found by reference to the radiation-configuration-factor table (eq. (B41)).
The impinging albedo is

Zalbedo

: A‘.’

= SRF (B50c)

3,»
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APPENDIX C
DISCUSSION OF PRACTICAL INTEGRATION STEP-SIZE

The only feasible method to increment time in the numerical integration of the
governing temperature equation is to increment the true anomaly and compute the cor-
responding change in time. (Refer to the section of this report entitled '"Transient
Temperatures.'') This procedure is expressed mathematically as

Bop =B, + A9 (c)

and

Atn+1 = t(ﬁn+1) B t(gn)' (€2)

where A is a constant.

Since the analysis is applicable to all planet orbits, the magnitude of Atn+1

depends not only on A@, but also upon variables such as orbit eccentricity, semi-
major axis, vehicle position in orbit, and planet being orbited. This dependence is
illustrated by comparing times that correspond to a fixed true anomaly for three Earth
satellites. For A@=1", At is 0.3 minute for Explorer, which was put into a low
circular orbit; At is 4.0 minutes for Syncom, which is in a large circular orbit; and
At varies from about 0. 3 to 10. 0 minutes for Eccentrie Geophysical Observatory
(EGO), which is in a large, eccentric orbit. These widely varying times are one rea-
son why it is necessary to refer to the length of the integration interval in terms of
practicality rather than as a fixed Af.

There are three conditions that can make the integration interval impractical.
Two of these are controlled by the computer program. The conditions and the control
on them are described, as follows:

1. The magnitude of Atn+1 can be so large that the one-step truncation error
temporarily influences the accuracy of the integration. To minimize computation
time, the integration interval should be large as dZTASH:2 approaches zero; and to
insure an accurate solution, the integration interval should be small as dzT%lt2
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becomes large. This philosophy is expressed mathematically as

1

| dzTn

At,t o (C3)
1 at ?

The increment Atl' is calculated from this equation.

2. The magnitude of Atn+1 can be so large that the equilibrium temperature is

reached and vastly exceeded within one integration interval, thus causing the solution
to be unstable. This condition occurs if dT/dt >> 1, which could be caused by a
vehicle skin with negligible heat capacity (pCph - 0) or by an unrealistic initial tem-

perature To' The time increment Atz' required to reach equilibrium temperature
in one interval is calculated.

The intervals At.', Atz', and Atn+1 are compared, and the smallest value is

selected and used to integrate the appropriate temperature equation numerically. If
the computer program subdivides the time increment Atm_1 into two or more values
of At', the entire procedure is repeated until ZAt' = Atn+1'
- 3. An impractical interval exists if A is so large that the assumption of con-
stant heat fluxes within the interval is absurd. The computer program will not use
time increments that are larger than those computed from the value of A in the

input data; therefore, the program user must exercise judgment in choosing A@ so
that it is small enough to be meaningful but large enough to allow fast computation.
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APPENDIX D
SUPPLEMENTARY INFORMATION FOR DATA PREPARATION

The following supplementary information is provided to the program user to aid
him in preparing data in accordance with appendix I.

Summary of Coordinate Systems

A summary of coordinate systems (described in detail in the section of this
report entitled ''Celestial Mechanics Theory: Coordinate Systems'') is provided in
table D-I as a ready reference in preparing data in accordance with appendix I entitled
""Program User's Guide for Data Preparation. '

Planet Data Used by the Computer Program

Planet data stored in the computer program are listed in table D-II.

Sample Data Preparation for Right Ascension and
Declination of the Sun from an Ephemeris

In preparing data, the user has an option in appendix I on the card type 05 to

express directly the position of the Sun with respect to the planet Xp’ Yp, and Zp
coordinate axes in terms of @, B, and ¥, as shown in figure 9; or they can be calcu-

lated by the computer program from five input variables: £, w, i, RA, and DEC
(figs. 5 and 8).

The angles RA and DEC, which are illustrated in figure 8, can be obtained for
each day of the year from an ephemeris. Sample calculations for Earth, a planet
(Mars), and the Moon are illustrated below for July 2, 1963, using the American
Ephemeris and Nautical Almanac (ref. 1).

For Earth, RA and DEC are determined from apparent right-ascension and
apparent declination data. These data are tabulated at the top of figure D-1 in hours,
minutes, and seconds (24 hours equivalent to 360°). Accordingly

- 6 hr 40 min 58. 88 -sec

RA 24 hr

x 360° ~ 100.2°

and DEC ~ 23.1°,
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For a planet other than Earth, longitude and latitude data are used. The data
for Mars, given in the middle of figure D-1, are converted as follows:

RA = 200°20'43. 5" + 180° ~ 380°21' ~ 20°21"

DEC = -(+0°53'42. 5'"") ~ -0°54"

For the Moon, colongitude and latitude are used. The data at the bottom of

figure D-1 are transformed as follows:

RA = 90° - colongitude ~ 90°-34.71° ~ 55°29"

DEC = latitude ~ -0. 35°

Possible User Modifications

For some studies, it may be desirable to modify the internally stored data.

following are means of affecting such modifications for typieal changes.

60

Possible user change

Tolerance for temperature
stabilization check, computer
program now uses 0.5° R

Planet albedos, computer
program now uses values in
table E-II

Moon cold-side temperatures
used for variable temperature
case, computfer program now
uses 186° R

Solar constant = 443.0 Btu/ftz—hr,
used for 1 A.U. from the Sun and
as a reference value for other
distances

Affected-card location

Subroutine LOOP, card
number DK032490

Subroutine FREAD, card num-
bers DK060870 to DK060950; the
subscript for the variable RR
corresponds to planet code on
03 card in data input

Subroutine TINPUT, card num-
ber DK020770

Subroutine TINPUT, card num-
ber DK022560

The
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TABLE D-II. - PLANET DATA USED BY COMPUTER PROGRAM®

Planet Planct ]f)rl:fg‘g‘i; Radius, Albedo GM,,
code £t ft ft3 /secz
1 Earth 48.89 x 101° 20.9 x 108 0.35 141 x 1014
2 Moon 48. 89 5.702 047 | 1.73
3 Jupiter 255. 3 229. 3 .51 | 44 900
4 Mars 74. 81 10. 87 .148 | 15.20
5 Mercury 19.03 8.151 .058. 7.66
6 Neptune | 1475 81.51 .62 2435
7 Saturn 467.9 188.7 .50 | 13 450
8 Uranus 941.3 83. 6 .66 2058
9 Venus 35. 43 20,34 .76 | 114.8

2The distance from Sun and the mass data for Moon are taken from reference '7.'-‘
The radius, mass, and albedo data, except for the Earth and Moon albedo that are in
accordance with Apollo specifications, are taken from reference 8.
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SUN, 1983 27
FOR 02 EPHEMERIS TIME
Appatent Apparent R Semi- uation
Date | Right A i Declinati Radius Vector giameter | ol Ti?e
July -E.za.in:ﬁﬁ”',, +016 6915 154540 |~ 33212 '
. E 6 40 58.88 0167036 " " |15 45.39| 3437870
R T s ey ot67115  Pl154538] 35518 M4
4] 649144927%1 2257379 7| 016 7154 1e - - am L0
x 8 B 22525 cavent 7
MARS, 1963 73
HELIOCENTRIC POSITIONS FOR 0 EPHEMERIS TIME
MEAN EQUINOX AND ECLIPTIC OF DATE
Julisa Radius | Orbital Daily | Orb.

Date | "Dty | Lonmgitude | Latitude | yoior | pomgitude  Motion | Lat.

243 L] ’ . L] ’ o o L] ”
July 2] 821258 200 20 43:5 +0 53 42-5 | R617 224 | 200-33278 0463 189 | +0-02
6 ssz-ﬂimrw 613 476 | 202-18981 465 342 3
10 | 8220:5 | 204 04 017 047 17:3| <609 611 | 204-05563 467 579 | + ‘o1

14 | 8224.5 | 205 56 261 0 43 58:7 | -605 635 | 205-9308c 469 Byb +00
T *030-3 - fnt g40 1 ~ ~ 1 - .01

314 MOON, 1963

EPHEMERIS FOR PHYSICAL OBSERVATIONS
FOR 0* UNIVERSAL TIME

b Physieal The Sun"
smo%h?c Libiation | Selenographie Position Angle of Frac.
Date Age Hiumj.
Longitude Latitude |Lg.Lt.P.A.| Colong. | Lat. Axis Bright Limb | Dated

d ° o ° o (0%01) ° ° °

July 1| 95+1.28 " J-671 " |0 -4 19.57 ) 2921 "1 0.70
2| 10.5 +0.02 1. 6.29 o.ss 0 4 16.38 3‘91 290.3 2'0 0.78
3} 11.5] -1.2 112 5.60 0.9 0 4 12.47 4'56 287.7 3'3 0.86
4 ( 12,5| 2.32 0‘97 4.65 1.18) 0 4 7.91 ) 284.4 3‘7 0.92
flan= ~eg ol 349 10 4 - ~an7 34 qae

Figure D-1. - Ephemeris data required for RA and DEC sample'caléulatiohs.
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APPENDIX E
'COMPUTER PROGRAM ORGANIZATION

The FORTRAN V computer program is divided into two sections called LINK1
and LINK2. Both sections reside in core at the same time; although, LINK2 is not
entered unless Stromberg-Carlson 4020 (SC-4020) plots are requested. (Refer to
appendix H.) The links are not to be confused with a FORTRAN II technique in which
two sections of a program share core alternately. It is important that the main pro-
gram of LINK1 is named PILOT and the main program of LINK2 is named MAIN2. The
MSE SC-4020 programing package, which is not included in the deck, is used by LINK2.
On the Univac 1108 computers at NASA MSC, the SC-4020 routines are available from
a system tape.

Simplified flow charts of LINK1 and LINK2 are given in figures E-1 and E-2,
The hierarchy of subroutines in each link is shown in figures E-3 and E-4. The source
deck confains comment cards that may also help the user if he should desire greater
detail.

LINK1

Main routine and subroutines. - PILOT is the main routine for LINK1. The func-
tion of PILOT is to define necessary constants and call two major subroutines, TINPUT
and LOOP. I plots are not requested, program control passes directly from LOOP to
PILOT. When plots are requested, control goes from LOOP to MAIN2 to PILOT.

All input to the program is controlled by TINPUT. The output of headings, com-
ments, and information used to explain and define each case are also controlled by
TINPUT. Subroutine SIGBET is also called by TINPUT so that the values of Z, 3,
¢in’ and ¢out will be available for printing with the case headings.

Caption pages are printed by HEAD, and FREAD is called by HEAD to read in
permanent data. Permanent data such as radiation-configuration-factor tables, phys-
ical constants for the Moon and eight planets, alphabetical heading information, and
frequently used constants are read in by FREAD. Also, general comments are printed
by FREAD, and TABLE is called by FREAD to read in material property tables.
Tables of material properties are read by TABLE and rewritten on the output tape.

New tables of internal heat loads are set up by QIIN whenever the tables are to
be read in, Continiuation cards are read until the table contains the specified number
of entries. The table is also written on a scratch tape to be copied later on the output
tape.

The angular position of the Sun relative to the orbital plane is computed by
SIGBET. Two types of input data are accommodated: a, B, v or £, w, i, RA,
and DEC. This routine also calls FIND to locate the Sun-shade pomts and SUNOR to
transform element angles for the Sun-oriented cases.
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@

Reset clock. retrieve absorptivities,
initialize indicators. save true anomaly 0

Enter with info pertaining
to two elements

array in original order

¥ Firs Stailze
Bégin reading tape cali of subr emp. plots
prepared by LINK1 DrAW? requested?
] Yes

Oy

two elements and store

Read info pertaining to H

Construct BCD sentences and
other plot identification

Determine numerical
range of stab, temp

1
Arrange # array in
ascending order if @, ¥ 0°

1
Call subroutine which plots

heats vs time andor stabilized
tempvs g

]

Repeat process unless all
elements have been
accounted for

Y
Obtain elapsed time
since LINK2 was entered

to next case if it exists

®

I

k]

Generate grid and plot
temp vs @ (one or two
elements per grid)

¥

Begin plot scheme Terminate plots for
with first element the present pair of
of this pair elements

| ]

Determine numericat
range of heats

Return to MAIN2 and obtain
info pertaining to the next

¥ pair of elements lif they

Generate grid
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exist)
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Figure E-2. - Simplified flow chart of LINK2.
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LOOP transfers program control to LINKZ if plots
are requested. :
RESET and CLOCK are FORTRAN library routines.
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Figure E-3. - Chart of subroutine hierarchy for LINKI.




LINK2

MAIN2Z
| | 1 | | |
RESET BINDEC ACCEND DRAW FILMAV CLOCK
SKALE HILOW XINTRP I TIDENT }—
LABELY l GRIDGN PLOTI I PRINT ] LABELX l BINDEC

r
I RSTFRM ' SCALEX I I DMPBUFJ l FTDA—I

When LINK2 has completed its task, MAIN2 transfers program control to PILOT in LINK1.

RESET and CLOCK are FORTRAN library routines,
BINDEC, FILMAV, LABELY, LABELX, GRIDGN, PLOTI, PRINT, RSTFRM, SCALEX, and DMPBUF
are contained in MSC SC-4020 programing package.

Figure E-4. - Chart of subroutine hierarchy for LINK2.

The quadrants of ﬂo, ﬂin’ ﬂout are adjusted by INIT so that ﬂin <f< ﬂout when-
ever the vehicle is in the shadow. The determination whether the vehicle is initially in
the Sun or in the shadow is also made by INIT.

Time, altitude, and the angle GS are calculated by LOCUS from @, which rep-
resents the vehicle position. For oriented vehicles, ﬂc and 6 are found. The angle

€ is also found for Sun-oriented cases. The symbols ¢c’ 8 , and € are arguments

s’
of the radiation-configuration-factor tables, and 0 is necessary to determine solar
heat flux. If planet temperature Tp is variable, it is also found.

The angular coordinates of the satellite elements are converted by SUNOR from
the input values to values acceptable to the program logic for Sun-oriented satellites.

The Sun-shade points ﬂin and ﬂout are located by FIND. If the Sun is in the
orbital plane, BETA90 is called. Otherwise, QUART is called to determine the Xp
value for the coordinate and WYE is called to find the Yp value for the coordinate.

Each point is examined to insure that it is not on the sunward side of the planet. The
Sun-shade points for cases in which the Sun is in the orbital plane are computed by
BETA90.
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The Yp values of the Sun-shade points for which the Xp values were calculated
in QUART are found by WYE. Pairs of Xp and Yp values are then examined to in-
sure that they satisfy the equations of both the orbit ellipse and the shadow ellipse.

The roots of a quartic equation are solved for by QUART. The quartic arises
when the equations for the orbit ellipse and the shadow ellipse are solved simultane-
ously for Xp.

DDFERI is a double-precision quartic-factorization program from the SHARE
library. DDVETA is a double-precision cubic-factorization program from the SHARE
library. DDVETA is required by DDFERI.

A heading to be printed at the top of an output page, and an output line count is
begun by LOOP. Unless temperature calculations are not required, the maximum time
interval is found for possible use in subroutine ERROR. The initial temperature of each
surface element is stored for comparison with the corresponding temperatures one full
orbit later.

In LINC, the number of intervals of width A necessary to make one orbit is
found, and in the routine KREV, the number of complete or fractional orbits that will
be required, provided that all temperatures do not stabilize earlier, is found.

The vehicle is then allowed to move counterclockwise around its orbit in steps
A@. For each step, LOCUS is called to find the time and other information depending
on @, and heat fluxes and temperatures are determined for each surface element. Out-
put may be written after each interval Af, or it may be deferred for two or more inter-
vals under the control of the input parameter NPRINT.

If a Sun-shade point is reached, output occurs automatically. I temperatures are
being found, the integration of the differential equation over the interval is broken into
two steps at the Sun-shade point.

At the end of each complete orbit, temperatures are compared with corresponding
temperatures one orbit earlier. If these agree to within 0.5° R, the case is considered
finished. X not, the new temperatures are stored, the tables of internal heat loads are
reset for a new orbit, and the program loops back unless the specified number of orbits
read in has been exceeded. When the case is finished, control passes to PILOT or {o
LINK2, depending on whether or not plots were requested.

Lines of output, aside from comments, headings, and case-identifying informa-
tion, are counted by TALLY. The printer carriage is restored when an output page is
nearly filled. All output, except for comments, headings, and case-identifying infor-
mation, are printed by TOUT. Output includes @, time, and either heat loads or tem-
peratures, or both. With the normal option, data are printed in columnar format.
However, an option to allow output to be printed in block form is also provided.
ARROUT is an auxiliary subroutine for output of arrays of data in block form.
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The subroutine HEAT is called by the subroutine TEMPER to obtain the net heat
flux into each vehicle surface element and the internal heat load. The differential equa-
tion for temperature is then integrated over a given interval A@ of the orbit. If the
inferval is too long or if internal heat loads are discontinuous within the interval, the
interval is subdivided into two or more smaller steps.

A theoretical approximation to the truncation error resulting from the numerical
integration is computed by ERROR. This routine is normally suppressed.

Impinging heat fluxes for a specified satellite surface element are found by HEAT.
In cases for which temperature calculations are required, absorbed heat fluxes are also
found, and QIFIND is called to determine the internal heat load.

Values of emittance, density, or specific heat are found by INTERP for a speci-
fied temperature by means of linear interpolation in material-property tables.

Tables of radiation configuration factors are interpolated for by GEOFAC to find a
value corresponding to given e, ¢c’ GS, and altitude. Values of these parameters

outside the range of tabulated entries are extrapolated for by the computer program.
This feature is useful for Bs greater than 90°. However, if the factor found results

in a negative heat flux, subroutine HEAT will replace it by zero.

Determination of whether the internal heat for the surface element in question is
varied during the interval of integration is made by the routine QIFIND. If the element
is varied, initial and final heat loads and the time at which switching occurs are pro-
vided by QIFIND.

Function subroutines. - The arccosine is found in degrees of the argument by
ARCOS. ARCOS always extends from 0 to 180, inclusive. PHIFN is the ratio of tem-
perature change to time increment AT/At, as calculated from the numerical-
integration algorithm. FOFXY is the derivative of temperature with respect to time
for a given temperature and location in orbit. DELTA and GFN are auxiliary functions
used by ERROR.

LINK2

MAIN2 is the main routine for LINK2 and is reached whenever SC-4020 plots are
requested. The primary functions of MAIN2 are to control LINK2 and to retrieve data
from a scratch tape constructed by LINKI1.

Identified plots of heats compared with time, stabilized temperature compared
with @, or both are constructed by subroutine DRAW. The @ array is arranged in
ascending order for plot purposes by ASCEND.

A linear interpolation for @, corresponding to a chosen time, is performed by
XINTERP.
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Minimum and maximum values of heats and temperatures are determined by
HILOW for plot scaling purposes. A suitable scale and numeric labels are established
by SKALE for use on plot axes. Sentences (arrays) describing temperature plots are
constructed by TIDENT. IBM binary-coded-decimal data are converted to Univac field
data by FTDA. '
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The following operating instructions are pertinent when submitting computer

runs.

APPENDIX F

OPERATING INSTRUCTIONS

Tape Usage

The computer tapes used by the program are as follows:

Logical no.

5
6

11

Run Time on Computer

Use
Input
Output
Scratch tape
Sfcratch tape

écratch tape

Running time varies greatly with the number and types of cases to be run, Until

experience with the program enables the user to make more accurate estimates, the
following suggestions are offered as a guide for running time:
up to 10 elements and 0.5 minute per case for each additional 20 elements.

Job Submittal Sheet

0.5 minute per case for

When submitting the computer program to be run on one of the Univac 1108 com-
puters at NASA MSC, the operation instructions should be as shown in figure F-1 (MSC

form 588).
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1108 FORTRAN IV 18SYS

INSTRUCTIONS FOR SCIENTIFIC COMPUTER RUNS

S

(DO NOT FILL IN SHADED AREAS)

PROGRAMMER BADGE NO. BOX NO. PHONE NO.

NAME, U. R. YES | YES
D!‘."Yliﬁléont PR-?E.S FnoJ.YuE:c.S zs'r‘.Y'rmExS HA)(Y:'ﬁlS LINYnEouéFUT

OPERATING SYSTEM TYPE OF RUN

1108 FORTRAN V X |rortranseae eroo. 3 Test [

1108 COBOL OTHER

INPUT TAPES OUTPUT TAPES

UNIT REEL BIN NO. | DENSITY PROCESSING

umr SITY SAVE REQUIRED

IF PLOTS ARE
/ REQUESTED

WORKING TAPES
“

NO. FRAMES| PROCESSING

FOR

' ‘DUMP INSTRUCTIONS

NO DUMP <

DUMP ON STOP

] DUMP ON LOOP

PROGRAMMER'S COMMENTS: : d

Note: Blocks marked "' YES'™ must contain correct
information when the program is submitted
for execution.

M5C FORM 588 (REV APR 67) PREVIOUS EDITION MAY BE USED.

Figure F-1. - MSC form 588.



APPENDIX G
SAMPLE CASES

The following three sample cases are given to demonstrate to the program user
the input and output format of the computer program. The sample cases were selected
to show the various options available to the program user and are not necessarily
realistic cases.

Problem Definition of'Sé.mple Cases

Case 501. - The problem is to determine the incident heats, absorbed heats, and
temperatures of a Moon-oriented vehicle orbiting the Moon. Plots of absorbed heats
versus @ and stabilized temperatures versus time are requested. Four surface
elements are to be analyzed. Output data are to be printed every 10° for one orbit.
Further specifications are as follows:

Moon surface temperature — variable

Sun position — given in an ephemeris for July 2, 1963

i=10°
w = 130°
Q =170°

Maximum orbit altitude = 165.0 n. mi.

Minimum orbit altitude = 8.73 n. mi.

g, =0
A = 10°
Element 1:

A'=30°, Q'=90°

T =530°R
o
h=0.01ft
=0
Qg

Surface area =1.0 ft2

Material — uncoated aluminum
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Element 2:

Q' = 180° (A' is undefined)
0

T, =375 R

h = 0. 005 ft

Surface area = 2.0 ft2

All other variables same as element 1

Element 3:

A' =210°, Q'=90°

(+]

T0 = 540" R

All other variables same as element 1

Element 4:

Q' =0° (A' is undefined)

T0 =405 R

h = 0.005 ft

Node number = 44

All other variables same as element 1

Case 502. - The problem is to determine the incident heats, absorbed heats, and
temperatures of a spinning vehicle orbiting the Earth. Plots are requested. Output
data are to be printed every 30° for 7.25 orbits unless the temperatures stabilize
first. Two different internal heat loads are to be compared. (This will be accom-
plished by running a single case using two ''elements'' that refer to different internal
heat tables.) The following are further specifications:

Sun positions — specified in ferms of @, (§, and y; date not needed

o =80°, B=90°, y=170°

Maximum orbit altitude = minimum orbit altitude = 181. 0 n. mi.

¢0 = 280

Af =6°
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Element 1:

A" =30°, Q' =90°
L]

T,=530"R

h = 0.01 ft

Qg = 0 for 15 min, then 20 Btu/ftz-hr for 15 min

Cycle continuing throughout each orbit
Material — uncoated aluminum

Surface area = 1.0 ft2

Element 2:
Q' = 180° (A' is undefined)

To =375 R

Qg =10 Btu/ftz—hr continuously

Surface area = 2.0 ftz

All other variables same as element 1

Case 503. - The problem is to de'términe the temperatures of a Sun-oriented
vehicle orbiting the Earth. Output data are to be printed in block form every 30° for
one-half of an orbit. Four surface elements are to be analyzed. The following are
further specifications:

a, B, , minimum orbit altitude, maximum orbit altitude — same as in case 502

0 o= 190

Ag=2.5°

Element 1:

A' =0°, Q' =90°

Le]
To =530 R
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h = 0.01 ft

Q, =0

Material — aluminum, painted black

Surface area = 1.0 ftz

Element 2:
Material — aluminum, painted white

T = 375°
[¢]

Surface area = 2.0 ft2

All other variables same as element 1
Element 3:
A' = 180°

To= 540" R

All other variables same as element 1
Element 4:

A" = 180°

Material — aluminum, painted white
T, =405" R

Node number = 44

All other variables same as element 1

Listings of Input Data

Permanent data. - The permanent data consist of 147 permanent cards that must
always be present when running the computer program. They are described in the
section of this report entitled ''Data Deck Preparation.' A complete listing is given
in table G-I.
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Sample-case data. - A listing of the sample-case data is defined in table G-II.
The data format is described in appendix I. Several material-properties tables were
prepared; however, not all the tables were used in the analysis.

Output

Reproductions of printed and plotted output from the sample cases are presented
in table G-I and in figures G-1 and G-2.

77



78

TABLE G-I - LISTING OF PERMANENT INPUT DATA

* DATA .

9531895682547301612647053259164508230112842279147294645254 1442112874145907770253
74216691616754554577355724231271076003675792544350164437372328821976110207280429
2549239522071944162512768093406190460035911021036095008370670805730440031602600209
051404820442039103350276021801630138011401580148013601210105008900720065660480041
B24377957211640754094246295516200970017687241689263995712485138422750150908900351
61675896548949154192335723701358087604675016480944844022343827531959117808190511
22072119197717661503121109120625049403760954091308460754064705320416030402520205
C4450423039103500302025202020153012901080137012901190107009400790065005000430037
82437788720163955394423029371554084101677241688063825690482438132680147608610334
61675883546948694161330323341323084704475016479644653998340927021925114807940492
22072113196817551490119708980613048303670954091108430750064205270411030002490201
4450422039003480301025102000151012801070137012901190107009300796064005000430037
B82437770717563615354418428871455079001377241684863355629475237312595138007780285
61675846541548194078320922341229076703925016476144143932333126151835106607250441
22072097194417251455115908600581045503430954090508340740063005140398028902390193
04450420038703440296024601950147012401030137012901190106009200780063004900420036
B8Z437746713863145298412128191430072100907241680462715547465436202475126606710217
61675795534047243964308120981101065803185016471443443843322424961711095406310371
220720741912168314071107080905360416031009540897082307250613049603810274022501561
04u45041703830339629002390168901410119009901370128061180105009100770062004800410035
82437721710262685243405827511359065200637241676062075464455635092355114505650153
61675744526646283450295219620973054902445016U666427437533117237815658084205360301
22072052187916421359105507570491037602780954088908110710059604780363025802110169
04450414037803330284023301830136011400940137012701170104009000750061004700400034
824377037076623452024013270113070603003972416728616054044484342822671056048806107
61675707521245533766285818630879047001895016463142233687303922911497076104670250
22072036185516121324101607190458034802540954088308020699058304650350024702010160
04450412037503290279022801780132011100910137012701160103008900750060004600400034
82437696706662215187399626831288058400307241671761435382445833982235102404590090
61675693519245333736282418260844044001695016461842053663301022591464073104420232
22072030184616011311100307050446033702450954088007990695057904600346024301970157
G4U50411037403280278022601770130010900900137012701160103008900740060004600390033
600457085296472340063168223412200679019649054727442039793417275130G0117007600355
38893798357732482821233416751050075804413017297928232582226218851390093806910456
1260125912y1111609820820)6460464037502920551054605160470041303490281021101770146
02570251023602140189016001310101008600720079007600710064005700480040003100270023
60045699526347063686314622091206068601774905471143973949338127111962113807210325
38893778354932122778226516641027070704063017296027952545221818301365088706470423
12601249114610860955079506220443035702770551054205100463040503400272020401710140
025702500234621201860157012800980084007000790075007000640056004800390031060270023
60045675524846613633308521431136001601344905466843343868328526021837101506060252
38893726347231142660212415180886058003253017290727182446210017001224075405290345
126012221146103508950727055603870350702360551053204950444038303170250018401530125
0257024602.802050178014991200091007700650079007500690062005400460038002900250022
6004564252004599355930V220531042052500784905460942483757315324521675085204590148
38893654336829792499194315250760042001983017283526132311193915031035058005610222
12601184109109640612063704640306023501750551051804750418035402860220015801300104
02570241022101950167013801090081006900570079007400680060005200440036002860240020
60045609515245383786291919630948043500524905455041623647302123031514069303200074
36893562320328442339176211320521027101053017276325072176177813230847041402430123
1¢6011461035608940729054803760230017001210551050304540393032402550189013101060083
02570235021301860157012750980072006000490079007306660059005000420034002600220019
6UU4558551164492373228°618970880037000124905450740993566292421941396057702220026
38893530314627452221162909920391016600423u172710243020771660119107100293061450065
12001119099608420668045203110174012200800551049304390374030202320167011200680068
ue5702320208017901490118y0900065005400430075007200650057004900400032002400210017



TABLE G-I - LISTING OF PERMANENT INPUT DATA - Continued.

6004557651 04447637122836187308550347000349054491407635362688921541353053401870010
38693511315627092178158109400344012800203017269124022040161711430660024901090032
12601108098108230646045802870154010400660551048904340367029502230159010500820062
02570230020601770146011500870062005100410079007200650057004800400031002400200017
35523393315728252407191613670890059501612538247523302114183414981206077905530264
17701765168115471365120409400644048702971198122111771097098308640696050704060278
03060332033003240304027402360200016401300084009500980100009800950086007600650048
00260031003200320031002900250022002000170004000500050005000500050004006400030002
35523385314628112390189713460777044301422538246323122091180714671105066304430233
177017511661152113351126068510553040602621198120811581073095508160633043803430245
03060326032203100264025502060163014001120084009300920090008400760065005500490042
00260030003200300028002500230019001700150004000500050005000500040004000300030002
35523365311627732345184612900690038200982538243022642029173213830992056403520161
17701714160714511251101507380449031001811198117311071007087707150532034602550169
03506031002980275024302V501650122010000790084008700840078007000600051004000340029
00260027002700250023002000170014001200100004000400040004000400030003000200020001
35523337307627212283177612140608030500512538238521981944163112690865043802380084
17701663153213561137088305990316019100941198112510370917077005930406022701500088
0306028602650233019401920111007300560041.0084007800720063005300430033002300196015
00260024002200200017001400110008000600050004000400030003000300020002000100010600
35523310305526092221170611380529023000172538233921321859153011540742031701350028
17701612145812601023075504640193009200321198107809670828066304750284012300660030
03060265623201910146010100620032002200140084007000600048003600240016000900070005
0026002200180014001100U8p005000300020001000400030060300020001000800000060006060Ga
3552329030062631217516°5410830471017700022538230620831797145610700651023100680003
17701575140411900940060103650109003200041198104309160762058503890197005500180004
030602490209016101110065003000090004000100840064005100370027001606006000200010600
002600190014001000060002000100000000000000040003900200010000000000006000060000000
35523282299526172159163510620450015700002538229420651774142810390618019900440000
17701561138411640909062703290079001300001198103008980738p556035701650031000640000
03060243029001500098005206180002000000000084006200480034002000100003006000000000
0026001800140009000500020000000060000000000040003006020061000000000600600060000000
13511299121410910936075205450321020500880746074007030645056604710362024101780113
03690379036703430310020602150157012600940157016801660159014701300110008600730059
0 0
U . 0
1351129512081084062707%105340310021000720746073506950635055504580347022601650098
036903750361033503000255020301440117008101570165016201540141012301062007800650050
1] i 4]
0 ]
13511284119210630902071305030295018800350746072106750608052304220308020501480054%
09690363034+303130273022501800135010500500157015801510140012401040930082007000031
0 : [
0 i
13511269117010340868067504620265016000250746070106460572047903730260018501280048
09690347032002830237018401450112009200350157014801360120010100850073005400450020
Q 0
0 0
13511254114710060834063704200189007600150746068206180535043603240220007760300008

03690331029602520201014300810628001100030157013801210101007800520025000900450001 °

0 ]
0 0
13511243113109850609060903900158004900010746066805970508040402880160004200070000
03690319027902500174011360510007000100000157013001100087006100340011000060000000
0 0
[V} : 1]
13511239112509780600059803780130002400050746066205890499039302750145002400050001
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TABLE G-I - LISTING OF PERMANENT INPUT DATA - Concluded.

0369031402720222016401V0004000020000000001570127010600820055002000000000060000000

0 0
0 0
0L440141013201200104008500640040002600150015001600150014001300110009000600050004
0 0
0 0
0 1
04440140015101190103008300620038002500130015001600150014001200110008000600050003
0 0
0 0
] 0
0i440138012901150498007900560032001500080015001500140013001100090607000460030002
g 0
¥ 0
V] ¢]
01440135012501100692067260490020000700020015001400130012001000070005000300010000
0 0
0 0
; ) o
0l4401330121010300860065500420017000400000015001400120010000800060004000000000000
u 0
0 0
0 0
0lua0l31011801020082000000360011000100000015001300110009000700040002000000000000
0 0
0 4
V] 0
01440130011701000606100°8003400070001000000150013001106090006000400031000000000000
0 0
U 0
0 [i}
PLANE SATELLITE I PLANET TEMPERATURE IS CONSTANT E IS VARIABLE S SUN
ORIENTED S SPINNING S PLANET ORIENTED T EARTH T MOON T JUPI
TeR T MARS T MERCURY T NEPTUNE T SATURN T URANUS T VENUS



TABLE G-II. - LISTING OF SAMPLE CASE INPUT DATA

10MISCELLANEOUS COMPUTATIONS FOR SPACECRAFT IN ORBIT AROUND EARTH AND MOON
10MATERIAL PROPERTIES

0602

O « 055 9000, « 055 10000. 3 KEAL1
Oe «970 10000 «970 EBP1
Qe +930 9000, 093 10000, +180 EwP1
Qe + 36 9000, 306 10000, 49 EEX1
1 14 3000, il 10000. «183 Evil
+0 +00+22 +00+1 +05+22 +00 ET31
G 172.8 10000, 172.8 KRAL1
Qe 22 10000 s2e KCAL1
+0 +y0+212 +00+56 +o3+212 +00+66 +03+215 +00 CT31
+86 +y3+228 +00+106 +04+24 +00+1 +05+24 +00 CT32
+0 +00+1728 +03+1 +05+1728 +03 RT31

10COMPUTATION OF HEATS AND TEMPERATURES FUR FOUR ELEMENTS ON THE SURFACE OF AN
1OALUMINUM VEHICLE ORBITING THE MOON .

1OTEST CASE 501

01 501 4 1

02 O 10. i

03 2 11 165, 6473
04 1 62130, 90. 530, W01 1.

04 4 621u. O 405, 005 1. 44,

0% 3 621210. 90, 540, 201 1.

o4 2 6210. 180, 375, 005 2.

05 10. 130, 70, 55.29  =0.35

07 )

10 CASE TO STUQY eFFECT OF SWITCHING FREQUENCY OF INTERNAL HEAT LOADS
1UTEST CASE 502
ol 502 4 1

02 5 280, [ 7225

09 1 131. 181
us 1 2

o4 2 3 01

05 3 30 90, 170.

go 2 & Ue 15. 20+ 30, 0. 45, 20
0660, Ue 75 20+ S0, Ue 105, &0
06120, . »

b 3 1 10, 9000V, 10 .

07 2

LUTEST CASE 503

01 503 1 :

0212 359 190. 25 5

63 1-1 131. 161,
o4 1 2ila. )

ue 2 311 90

o4 3 211180,

a4 4 311160, 90. Ul

07 4
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(a) Absorbed heat for node 1.

Figure G-1. - Plotted output from sample case 501.
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(f) Temperature for nodes 3 and 4.
Figure G-1. - Concluded.
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(a) Absorbed heat for node 1.

Figure G-2,- Plotted output from sample case 502,
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(b) Absorbed heat for node 2.

Figure G-2. - Continued.
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APPENDIX H
OUTPUT PLOT OPTION

The SC-4020 data plotter can be instructed to produce two-dimensional plots and
alphanumeric identification of the plots.

Upon request, plots of heat versus time, stabilized temperatures versus true
anomaly, or both, are provided. The range for the independent variable is up to and
including one complete orbit. The heat plots have a double abscissa scale, with the
second scale being true anomaly. Heats can be either incident or absorbed, depending
on the input code, with absorbed heat being also a function of input. Generous data
identification is provided.

Description of Output

Information is taken from a magnetic tape produced by the program and repro-
duced visually on 35-mm film by the SC-4020. This film can be used to make enlarged
reproductions on sensitized paper. The two types of plots obtainable (heat and stabi-
lized temperature) are discussed separately.

Heat plots. - Plots of incident or absorbed heat versus time are obtained, one
element per grid, unless the card type 01 requests temperatures only. The type of
heat (albedo, planet, solar, or total) portrayed by each curve can be determined by
examining the plotting symbols that correspond to each output point. The following
are the symbol conventions:

Plot symbol Type of heat Corresponding
printout identification
A Albedo QALBEDO
P Planet -QPLAN
S Solar QSOLAR
Q Total (present only QTOTAL
on absorbed-heat
plots)

The curves are formed by connecting the points with straight lines. Thus, the smooth-
ness of a curve is a function of the calculation interval.

Some of the parameters used by the program, plus other information, including
vehicle-material absorptance with respect to planet-emitted radiation (PLANET ABS)
and with respect to solar radiation (SOLAR ABS) are found in the upper portion of the
grid.
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The planet absorptance has two values, one for the period in which the vehicle
is exposed to the Sun and one for the shaded portion of the orbit. When planet temper-
ature is constant, both planet absorptance values, PLANET ABS (SUN) and PLANET
ABS (SHADE), are constant throughout the orbit. With variable planet temperature,
the PLANET ABS (SHADE) value is constant, but the PLANET ABS (SUN) value is not
necessarily constant. If the emittance table used by a particular element is not con-
stant over the entire sunlit effective-planet-temperature range, the PLANET ABS
(SUN) value is an average.

Each axis of each plot is numerically labeled at nine locations that do not neces-
sarily correspond to calculation points. The abscissa has two sets of labels, one for
elapsed time (minutes) and another for true anomaly (degrees). The true-anomaly
values correspond to the fime values immediately above. Heat units (Btu/hr or

Btu/ hr-ftz) will be printed vertically to the left of the ordinate. Also present will be a
notation of whether the heat is absorbed or incident. The element and case numbers
are found below the true-anomaly scale.

The remaining portion of the frame will contain as many as three horizontal lines
of information. These lines correspond to the first three comment cards (card
type 10) physically input in the present case data. These comment cards should be
used to identify the plot completely and tie it to the normal output.

Temperature plots. - When temperature calculations are requested by card
type 01, plots of stabilized temperature versus true anomaly are obtained. If the
temperature of an element has not been stabilized by the end of the last requested
orbit, no temperature plot for the element will be given. The program logic deter-
mines whether one or two element temperatures will be plotted on a single grid. Each
calculation point during the stabilization orbit will be represented on the curve by a
numeral one or two. The curves are identified below the grid. As with the heat plots,
the smoothness of the curve is a function of the calculation interval.

The vertical axis is numerically labeled with nine values. A vertical alphabetic
label is also present. Immediately below the grid is a {rue-anomaly scale.

The case number, element number, and orbit during which the temperature
became stabilized are given for each curve on the grid. Below these items will be the
comment-card contents, as on the regular output and heat plots.

Stromberg-Carlson 4020 Data Plotter Requ'iremeﬁts

The SC-4020 data plotter is a peripheral system designed to read magnetic-tape
output from a digital computer program and to produce graphic and alphanumeric out-
put. As the tape is read, the desired lines and characters are displayed on a cathode-
ray tube and exposed to sensitized paper, film, or both. At MSC, the program user
receives a strip of developed 35-millimeter negative film that contains the SC-4020
output. This film can then be put on a film viewer, and an enlarged, positive paper
copy can be obtained.
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When the computer program is run on a Univac 1108 computer at MSC, the
routines necessary to generate SC-4020 control instructions are included in the system
library. Program users, other than those at MSC, who wish to utilize the plot option
must either obtain the routines from MSC or supply a compatible version of their own
routines.
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APPENDIX J

PROGRAM LISTING

Su0B  FU4yb PARKEK V05258 ED241 FuD7 355uF P 010 010 4020
' ASG AZNEWPCF

' FUR EXECPEXEC EXEC0000
CMAIN FRUGRAM (CALLED PILOT) EXEC0010
UIMENSION TRASH(L7)eFL10¢9,42) ,HTIABIY) s ANGTAB{10) ,WH(18) s XH(D)» EXEC0020
1YH(B) e ZH(6) sELLA(D) yRPP (D) yRRIYY e CAYY (D) » TIME(2) EXEC0030
DIMENSION DT42,200)»T12,200)¢SINL(200)»COSL(200)2SINO(200), EXECO0u0
1C0%0(200) » THICK (200) ¢y NCOAT(200) » NSUBS(200) »COSRS(200) »PHIT(200)» EXEC0050
26AMM(200) +NDUTY(200) EXECD060
DIMENSLION ESUNCB) rEEE(8+42) 1RO(B02)9SP(5042),TAINT(41+8) EXECRO70
UIMENSION BUFFER(3) EXECO0080
COMMON TRASHF s HIABr ANGTAByWH o XHy YHs e HiELL ¢ KPP RR,CAYYPI,FP1H, EXEC0090
1TWUP L PIABO Y NOFIND Y NQORT » IFIRSTeNEWSLG EXECO100
COMMON KPLNET s NORIEN K TEMP » NUMRUN» NSATP o NPRINT p KREV yNP50REV EXEC0110
COMMON AsBeCrAYE)BEEs+RPIRN)PEEJELrRICAYIBARL S, ALP2,BFT29GAM2, EXEC0120
1ALFHAZ2 B TA2)GAMMAZ »COSACOSHB COSG»SINBPHIMAX EXEC0Y30
COMMON S1GMA,CSIGMA»SSIGMA» TSTGMA ) EXECO140
COMMON PH1Z2,DPHI2 yPHIZrOPHI #PHI»CPHI SPHT ¢y PHIN2»PHOT2» SUN EXEC0150
COMMON TIMEZ» TABS» TELAPS» ZEIT»TIME, DRI TAT ¢ XP 2o YP e UFE»DP5GeJlrJ2 EXEC0160
COMMON EPTPLyEPSLIG2r TMeFTMySAS2 ¢ SRASH EXEC0170
COMMON G o RHRCPyRHO» CPo EPSLNs ITK e KITER EXEC0180
COMMON ONET ruSAT e QLINT p QEXT» GPLAN» QAL QSUN» QOL D ANEW, TBREAK EXEC0190
COMMON GAMPPHIC,ALT»ALTI)ANGS,CTHE 12 FDoFF EXEC0200
COMMON PHELPPHI2» ISIGFUDGE» T4 »BUFFER PRV ANLINE EXEC0210
COMMON CUSLS»SINLSyUT» T2 SINLeCOSLeSINOICOSO»THICK s NCOAT # NSUBS EXEC0220
1COSKSPHL | » GAMM EXEC0230
COMMON ESUNSEEE yRO s SPe TARINT »NUUTY » ANINCL ) ASCNOD o ASNLNGeRGTASC EXEC0240
1DECLIN EXEC0250
UIMENSLION AR(6)sAALIB) 1P (6)1F1(6) EXECU260
COMMUN AR ARLy PP 1y LURVER s TORDL r AFRRUR s THETASDTMAX ENI +ENsFACT, EXECO270
LYNHAT )ENHATL P EMAG e UERROR» DTTEST EXEC0280
COMMON HSUN,HALB HPLAN NODE EXECO290
UIMENSION HSUN(2U0) sHALB(200) yHPLANIZ00) o NODE(200) EXECO0300
COMMON KETCH EXEC0310
COMMON HASUNsHAALB ¢ HAPLN,, HATOT EXECG328
UIMENSLON HASUN{(Z200) s HAALB(2u0) p HAPLN(200) »RATOT{(200) EXECU330
COMMUN ZAREA EXEC0340
DIMENSLON ZAKEA(20U) EXEC0350
COMMON IMmTHRU EXECO0360
DIMENSLON IMTHRU(2UU) EXEC0370
COMMON TMHL e PNAME p PHIPLT p TIMPL T e WPLOT wLAST » JUMP Y LWAX) TONCE EXEC0380
UIMENSLON PNAME (39) 9 PHIPLT(190) » I IMPLT (190) EXECU390
COMMON TYMELT s TYME29 TYME EXECU400
COMMON/BRIK/JIJK EXECOH10
C *x%x SCRATCH 1APFS UTILIZED BY LINK 1 ARE,,. 409 AND 11 EXECOu420
C *%% SCRAITCH 1APES UTILIZED BY LINK 2 ARE 9 AND 11 EXECQ430
s 33 3 s ok e ook oK ke oK KRR s sk o KK o KK KK oK K kK o ok R o oK K o Kok o o 3k ok ok o koK sk sk oK okok ok ok sk ko kR EXECO 440
C oxkx OUIPUl TAPE (S by INPUT 15 5 EXECU450
ok AR e 3 o o ok o o K ok o KR KK o 3K ok 3k 3K o oK 3R o 3 ok o Kk o ook kR o 3K s AR ok ko oK 3K sk o sk ok o o sk ok ok kol ko Kook ok E XECOL 60
C EXECOu70
C EXECO480
LONCE=Y EXEC0490
255 J1JKZ0 EXEC0500
LF (LONCE=112,12 EXEC0510
2 JumPz1 EXEC0520
LONCE=] EXEC0530
NPLOT=Y EXECOS40
1 1IFANPLOT )G Sk EXECU550
4 TYMESTYMEL+TYME2 EXEC0560
WRLTE (699999)TYMEL, JYME2,TYME EXECO570
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9999
b
(ol £ 3]

C

C
290

2068
2069

150

FORMAT( /// 18H CALCULATION TIMEzZFo6,2+13H » PLOT TIMEZF6,.2, EXEC0580

1 28H » TOTAL TiMt FOR THIS CASE=F6.2y30H,,.ALL TIMES ARE IN MINUTEEXEC0590"

2% e ) EXEC0600
CONT INUE EXEC0610
JUMPZ2 MEANS WE HAVE RETURNEU FROM LINK 2 (PLOT ROUTINES) EXEC0620
60 TO (3,290) » JUMP : EXEC0630

CUNSTANIS FOR NUMERICAL INTEGRATION EXECO640
1OKDER=Y EXEC0650
FACT=1.0/(1,U~0,5%*I0RDER) EXEC0660
AA(1)=1,u/6.V EXEC0670
AALU)ZAA(L) EXEC0680
AAL2)ZAA(L)*%2,0 EXEC0690
AA(3)ZAA(2) EXEC0700
FL1)=0,.0 EXECO0710
Pl2lz=.b EXEC0T20
FL2)2Z0.5 EXEC0730
PL4)=1.0 EXECO0740
1orD1=1 EXECO750
1FIRST=1 EXECO0760

CALL ROUTANE 10 ReAu IN DATA AND FRINI HEADING EXEC0770
CALL TINPUT EXECO780
LERROR=S EXECO790
LF (FUDGE+2669,0) 2669+266892669 EXEC0800
LEKROR=1 EXECO810
ENZ0,.0 EXEC0820
EMAGZ0.0 EXECO830
ENHATL=0,0 EXEC0840
YNHAT=0,U EXEC0850

CONSTANYS FOR DIFFERENTLIAL EOUATICN EXEC0860

SAL2Z0 4 5%S EXECO870
SRASHZSAS2*R EXEC0880
EPTPU=0. D% (1, 0=R}*%S EXEC0890
T4=SART(SURT(S*(1,0=R)/6,856E-09)) EXEC0900
SET ALTERNATING INDICES EXECQ910

Jilzl EXEC0920
Jz2=2 EXEC0930
1ImE{1)=u.0 EXEC0940
CALL ROUVTINE TO mOvE VEHICLE ALONG I1S PRESCRIBED URBIT AND EXEC0950
PLRFOKM REQUIRED CALCULATION EXEC0960

CALL LooP . EXEC0970
IF(JIUK.NEWLBIGO 10 255 EXEC0980
©0 TO 29y K EXEC0990
ENU EXEC10Q00
FUR VECK1+DECHI DK010000
SUBROUTINE HEAD DKg10010
PRINT VUL CAPTION PaGE DK01Q02¢0

WRITE (601) DK010030
FORMATOLIHYS /7 /7777777777 77) DK010040
WRITE (692) DK010050
FORMAT(4uX»51HA COMPUTER PROGRAM FOR CALCULATING EXTERNAL THERMAL/DK@10060
140Xy S51HRADIATION HEAT LOADS AND TEMPERATURES OF SPACECRAFY/DX010070
246X JBHORBITING ABOUT THE PLANETS Ok THE MOON DK010080

Arr7/7 DK010090

GoUXr2HBY // 42Xs47HMIDWEST RESEARCH INSTITUTE,KANSAS CITY,MISSOURIDK0101g0
5/63Xe IHAND /744X s 43HNASA MANNED SPACFCRAFT CENTER/HOUSTON,TEXAS DKO10110
6177777771777/ 7  42%952HUOCUMENTED IN THE NASA TECHNICAL REPORY TRDK010120
T7=R(S97) /44X, U3ABY H.FINCHIR ,VOGT D SOMMERVILLEY» AND D.BLAND 10K010130

wRLITE (6rb11) DK010140
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cocon

611

* %%

FORMAT (1H1)
CALL FREAD
RETURN

ENUD

FUR DECK2DECK2

SUBROUTINE TINPUI

DIMENSION TRASH(1712F(10+99,42) HTAB(9) yANGTAB(10) pWH(18)»XH(9)
LYHA(E) 1 ZHAB ) 2ELL (D) 2 RPPLQ) yRR(9) » CAYY(Q) » TIME(2)

DIMENSION OT(2,200) 9 T(2,200) pSINLI20U) »CUSLA200)»SINO(200Y,
1L050(200) » THLCK (20U o NCOAT(200) P NSUBS(200) »COSRS(200) »PHIT(200) »
26AMM(200) »NDUTY (20U)

LIMENSION ESUN(B) yEEE(8942) 2RO(8/)U2),SP(842) y TOINT(41+8)

UIMENSION BUFFER(2)

COMMON TRASH)FyHTABr ANGTABrWHp XHe YHe ZHoELL s RPP,RRyCAYY PIsPIH,
1TWORPLsPI1H0,NOFIND» NQORT» IFIRSTeNEWSLG

COMMON KPLNE § ¢ NORTEN) KTEMP » NUMRUN» NSATP o NPRINT y KREV o NP50»REV

COMMON ApHeCrAYE »BEE+RPyRNsPEEsEL IRy CAY»BARL 1Sy ALP2oBET2 GAMZ,
1ALFHAP »BETA2,,GAMMAZ »COSA»COSB,COSG» SINByPHIMAY

COMMON SL1GMAPCSTOMA,SSIGMAPTSIGMA

COMMON PHIZ2,DPH12sPHIZsDPHL ¢ PHI»CPHL »SPHIPHIN2»yPHOT2» SUN

COMMON TUIMEZ ) TABSy TELAPSyZEIT,TIMEsDELTAT» XPrYP»DEE»DPSQrJlrJ2

COMMON EPTPUEPSLIGZ2 TMrFTMySAS29 SRASH

COMMON GrRHRUP)RHO»CPHEPSLN, ITKSKITER

COMMON QNET s QSATyQINT ) QEXT»QPLAN, QALE, GSUN»QOLD» GNEW, TBREAK

COMMON GAMsPHIC)ALT»ALTI»ANGS yCTHE 1o FDFF

COMMON PHE1pPHI2»IS16sFUDGE s T4y JUDGE » RUFFER RV »yNLINE

COMMON COSLS s SINLS»¥DT» T2 SINLyCOSLeSINOsCOSU» THICK ,NCOAT » NSURS,
ICOSKRSPHL T 1 GAMN

COMMON ESUN»LEE »RO2SPy TOINTyNDUTY ¢ ANINCL  ASCNOD » ASNLNG»RGTASC»
IVECLIN

UIMENSLON AA(6)2AAL(B) 1P(6)P1(6)

COMMON AAPAAL,PsF19 IORDER» IORD1» JERRUR ¢ THE TA)DTMAX»EN19»ENyFACT
1YNHMAT pENHATL » EMALPUERROR»DTTEST

COMMON HSUNyHALB » HPLAN» NODE

OIMENSION HSUN(200) »HALB(200) yHPLAN(200) »NODE (200)

COMMON KETCH

COMMON HASUN:HAALBHAPLN,HATOT

UIMENSION HASUN(ZUU)!HAALB(ZUO)'HAPLN(ZOO))HATOT(?UU)

COMMON ZAREA

UIMENSION ZAREA(200)

COMMON IMTHRUY

UImENSION IMIHRU(200)

COMMON IMHL o iPNAME s PHLIPLT » TIMPLT o NPLOT)LAST o JUMP o LMAX ) TIONCE

DIMENSION PNAME(39) oPHIPLT(190) e TIMPLT(190)

EQUIVALENCE (IRASH(15) ,C1) 2 {TRASH(16),C2), (TRASH(17),+C3)

DIMENSION W(7)eZ{b41)eNZ(yl)

EQULIVALENCE (TRASH(LY) pNBLANK) » (Z(1) o NZ(1))

UIMENSION TZ(200)

DIMENSION ELAMB(20U),OMEGA(200)

DIMENSLION TKALT(Y)

LOMMON TYMEL1,TYME2,TYME

COMMON AGy INeJoKABG KL, KrLPJ oL o LNy L e LSHADF ¢ My NCARD,
INEwDC e NEWGAMy NEWMAT o NHEAD s NeNTRIGrPFE19PGr PIN,POUT ROP»SIGMA2

COMMON ELAMB,OMEGA» TKALT»TZsw o AGNM,PGNM

THE PURPUSE UF THE LAST 3 STATEMENTS (COMMON AG THRU PGNM )

1S TO PRESERVE VALUES ESTABLISHED IN TINPUT. THIS COMMON

(AND ASSUCIAIED UIMENSLON STATEMENTS) ALSO APPLARS IN THE

MALN PROGRAM OF LINK 2 .

DK010150
DKD10160
0K010170
DKo010180

DK020000
DK020010
DK020020
DKG20030
DK0200u40
DK0200S0
DK020060
DK020070
DK320080
DK020090
DKg20100
DK020110
DKD20120
DK020130
DK020140
DKg20150
DK020160
DKp20170
DKp20180
0Kp20190
DKp20200
DKo20240
DKp20220
DK020230
DKp20240
DK020250
DK020260
DK(20270
DKg20280
DK020290
UK020300
DK020310
DK020320
DK020330
UK020340
DKg20350
DK020360
DKp20370
DKp20380
DK020390
DK020400
DKo20410
DK020420
DKQ20830
DK020440
DKQ20450
DK020460
DKG20470
DKp20u480
DK020490
UK020500
DKo20510
DK020520
DK020530



EQUIVALENCE (NARLAsAREA)

NHEAD=L

JFLAG=U

LD 1005 (BL=L,»39

UATA QUDUCT/0050505050505/
1u0% PNAME(IBL)=QU0OOCH

LN=0

U0 392 I=1»NSATP
992 IMIHRU(I)I=U

REWIND &

KREwIND 9

KREwIND 14

NEwGAM=(

NEWLC=U

NEWMATZ=0

IFCIFIRSI=1) 51,39,39

C THIS SEQUENCF 15 EXECUTED ONLY ONCF

39 LFLIRST=0
KE V1 CH=U
CALL HEAD

C SET PLANET COLD Sibc TEMPERATURES

L0 391 Jz=38

391 IKALT(J)=H0,u
1RALE (21518640
1KAL1 (5)=10.0
(KALT(1)=200.0
TKALT (4)=200.0
TKALT(912200,0

READ CuMMENT CARUS

NCAKD GREATER THAN 9 INUICAIFS COMMENT CAKD

*¥x%k NECESSAKY FUR PLO OPTION, (SEFT,

DKo20540
DKp20550
DK020560
DK920570
DK020580
DK020590
DK020600
DK020610
DK020620
DK020630
DKO20640
DKp20650
DK020660
DK020670
DKo20680
DK020690
UK020700
DKp20710
pKQg20720
DKG20730
DK020740
LK020750
DK020760
DKg20770
DK020780
DKQ20790
DK20800
UKo20810
DKg20820
DKg20830

LUK020850

C
C
C x¥*% TAPE 3 wAS KEPLACEL BY TAPE 9 Tu ACCOMMODATE THE CHAINED PROGRAMSDK420840
C
C

CUMMENTS ARE STORED ON TAPE 9 TO BF CUPIED AFTER HFADING IS WRITTENDK0O20860

hl READ(Se6UH2) Kelalu)rd=113)
buU4Z FORMAT(IZr13A6)
1FIK)IBLlen1957¢0
D10 IF(K=R) 00U41¢572,572
H12 WRLITE (De60482)Ke (Z(J)pJ=1+13)
IFINHEAD=3)10000,10000, 10001
luuuy LO 10002 LBJ=1,13
LINZLN+HLBY
10002 FNAME (IN)=Z (LBY)
NHEADZNHEAD+L
LNSLN+13
1yuivl CONTINUE
0O 10U bl
bubdl UFLAGLEL
@0 10 b2
C BRANCH TO STURE INPUT UATA
Uyt 60 10 e0b
oUH O TO (19293¢4259607) P NCARD
1 NUSMRUNZ (LO0*K+L ) *100+M
NRURTZIN
MNPLOT=W (1)
00 10 52
2 NPRINT=MAXO (Ky 1)
JUDGEZ10U*L+M
FHLZ2=w{1l)
LPril2=w i)
REVZW(3)

DKg2u870
bKg20880
UK020890
LKQ20900
DK020910
DKg29920
DK020930
DK020940
DK920950
LKQ20960
DK020970
DKp20980
DKg20990
DKu21000
0Kp21010
DKy21020
DKp21030
LKU21040
DKg21050
DK021060
UKy21070
DKy21080
UK021090
0K0621100
DKy21110
DKg21120
DK021130
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PHIZZPHIL2%P1180 0Kg21140

LPHI=DPH 2%P1180 DK021150

(of READ CASE WATA DKu21160
52 IF(JFLAG) 934,935,934 DKuy21170
934 READ(300600) NCARD KoL e MyNy (Ww(J)yJz=1,7) OKy21180
JFLAG=0 : DKu21190

60 TO 936 DK021200

935 KEAU(S5,600) NCARUeReLyMeNs (W(J)»UT1e7) DKy212310
936 CONTINUE UKg21220
600 FORMAT(512¢5F8,2,2E15.7) DKy21230
IF (NCARD) 99999004 UKg21240

3 KPLNET=MAXO0(Ks1) DKg21250
C U0 NOT PERMIT VARIABLE TEMPERATURFS EXCERT FOR ThHF MOON UKy2i260
IF (KPLNE[=2)2000,2005,2000 bkKga2i1276

2000 M=y DKg21280
2005 CONTINUE -UKg21290
NORIENZL DKy21300
KTeMP=M DKu21310
TMZTKALT (K) DKg21320
FuDGE=w(1) DK021330
KOPZRPP(KPLNET) VKD21340

AGZ W(6)1*60760.,1033 DK02135%0

PG W(7)%6076,1053 DKy21360
AGNM=W(6) DKO21370
FPGNM=W(7) DK(21380
IF(AG=PG) 45U,451,452 UK021390

450 AGZW(7) *6076.1u39 DKQ21400
PG=wWin) xb070.,1003 UKo21410
AGNMZW(T7) pKy21420
PGNMZW(6) UKp21430
WRLITE (6,453) DKy21440

453 FORMAT (// 8YH YUU INPUT AN ORBIT ALIITUUF MAX, LFSS THAN THE MIN,UDKyQ21450
leei REVERSED THEM aND SHALL CONTINUE. //) vKg21460

GO 10 ub52 wK021470

451 A= AG + nrOP LKU21480
b= A DKQ21490
CESURT (AXA =p*B) DKY21500

60 TO 46y pKu21510

452 Az JHx(PG+ AG +2,0%R0OP) DKu21520
€= A =PG -ROP UKU21%30
BESORT{A*A «-(%xC) UKu21540

460 CONTINUE DKO21550
FIMZ 17 1L4E=8% T MExy UKy21560

<0 T 52 UKOR1570

4 JZI0UXK+HL OKy21580
TRASH (14 )=WH(4) - bKU21%590

C A BLANK FLELD CAUSES PROGKAM 10 USE PREVIOUS VALUE UF DATA DKy216p0
READ(30r99L) Kelsli)eI=1912)0AREAPZ(L3A) DKu21610

591 FORMAT(IZrAUP A2 2ALrU4(ABA2) rABr2X)r AD) LKO21620
READ(30s5914) XNUDE UKy21630

SY14 FORMAT (H0X,F8,0) vKy21640
LF (NAREA=NBLANK)5911/95913,5911] UKY21650

C xx%x [F AKFAS ARF INPuT» THERE MUST Br UNE FOR bALH FLFMENT UKQ21660
5911 2AREALJ)YZWAS) UKu21670
KETCHZ1 UKu21680

59138 COnTINUE DKU21690
LF(NZ{D)=NBLANK) dyulstU2,401 UKU21700

4yl  ELaMp(J)=w(1)%PIi8u DK021710
NIRIGZ1 LKO21720
NEwGAMZ1 UKD21730
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492
4ud
4y32

Yyud
4us
4U6
4u7
4u8
4yY
410
4il
412
413
414
4349

4141

4
5142

Hu8

99

byl

IFANZ(7)=NBLANK) 403,404,403
OMEGA(JI=W{2)xP118U
NTKIG=1
NEwWGAM=1
IF{NZ{9)~=NBLANK) 405,406,405
TZ(J)=wtd)
IFINZ(11)~NBLANK) 407,408,407
THICK(J)=W (L)
IF(NZ(2)=NBLANK) 409,410,409
NCOAT (J) =M
IF(NZ(3)=NBLANK) 411,412,411
NSUBS(J)=N/10
IF (NZ{4)=NBLANK) 413,414,413
NOUTY (J)=MOD (N, 19)
NEWMAT=1
WRITE (4+591)Ke (Z(1)21=1,12),AREAIZ(1L3)
LFANZ(13)=NBLANK) 4141,42,4141
NOLE (J) TXNODE
IF(NODE(J)) 4142,4142,52
NOUEA(J)=J
60 TO 52
KABG=K=3
LSHADE=L
PHINZ2ZW(6)
PHOUT2ZW (7))
IF K 1S 35 SuN POSITION LS GIVEN BRY ALPHA,HETA»GAMMA

IF NOT, IT S GIVEN BY DATA FROM EPHEMERIS ANU ORBIT DATA
1IF(KABG) 5»01,508,5u1
ANINCL=W (1)

ASNLNG IS LARGE OMEGA

ASCNOU IS SmALL OMEGA
ASCNOD=W(2)
ASNLING=W (3)
KG{ASC=W (L) -
DECLIN=W(5)
60 Y0 52
ALP2=W(1)
BEI2=W(2)
GAM2EW(3)
ALPHAZZALP2*P 118y
GAMMA2=GAM2%P 118y
BEIAZ2ZBET2 *PI18y
COSA=COSLALPHA2)
COSB=COS(BETA2)
COSG=COS (GAMMA2)
SINBSSIN(BETA2)
G0 TO 52
TOINT(40sK)I=100000UV0.0
CALL QIIN(KsLeW(1))
NEwDC=1
60 1o 52
NSATPZ10U¥K+L
NSATP=MOU (NSATFy201)
©0 10 52 o
WRLTE CASE IDENTIFICATION
wRITE TERMINATION MARK ON SCHATCH TAPFS AND RFWIND

K=u .
wRITE (996044 Ky (WHIJ) 2 JZ1415)
FORMAT (12013A6)
REwWIND 9

DK021740
DKY21750
0DK021760
DKO21770
DK021780
DK021790
0K021800
DK021810
DKy21820
OK021830
UK021840
DK0U21850
DKy21860
DKy21870
DK021880
DK$21890
DKU21900
DK021910
UK021920
BKU21930
0DK021940
UKg21950
DKU21960
DKY21970
0K021980
DKp21990
DKy22000
DKO22010
UKy22020
DK022030
DK022640
UK022050
DK022060
DK22070
DKU22080
UK 022090
DKp22100
DK022110
DKp22120
UKp22130
DKU22140
DK022150
DK(22160
UK022170
DK022180
DKU22190
UKu22200
0Kp22210
UKy22220
DKU22230
DKP22240
DKO22250
DKU22260
uKg22270
DKy22280
DKp22290
OKB22300
DKU22330
DKU22320
0K022330
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136

640

11
buLd
103
1u2

bu2

70l

710

6431

6432

6433 wRLITE (6¢HBUU)AGNM ) PONMy PHIZ2 » DPHL2 » SLCMALZ»BET2,,PIn, POUT

oul

oub
o466

690

WRITE (11)KeKp ITQINT(Jr D) ed=ieul)
REwWIND 11
WRITE (4+s591)Kr (LLU) e J=1012) ¢ AREASZ(13)
KREWIND &
wR1TE CASE HEADING
WRITE (60640) NUMRUN
FORMAT (9HLCASE NULL6)
TRANSCRIBE COMMENTS
L0 1u1 L=1s15
READ  (9:6044)1Ky (Z(J)»J=1013)
IF(K) 1050¢103,101
WRITE (6960480)(Z2(J) rd=1r13)
FORMAT(1x13A0)
Ko3% {NORLEN+Z)
REwIND 9
L=3*KTEMP+3
VSKPLNET+KPLNET
vlz1

WRAITE (6r642)ZHIL) s WHJ=1) s WHIJ )y WHR) » ZHLZ2) 1 ZH(3) »
11) o XHAK) pWH(4) 9 ZH(4) 9 ZH(S) 0. ZH(6) s YH(L~2) » YHAL=D1) » YH (L)

FORMAT (16A6)

ELZELL (KPLNET)

ST4u3,0% (BARL/EL } %2
CAYSCAYY (KPLNET)
RPZRPP(KPLNET)
HERKRAKPLNET)

KN=SQRT (A%AxA/CAY) /60,0
PEEZTWOP L#RN

FEC1=PEE

AT IS NECESSARY 10 RECOMPUTE SINyCUS OF LAMBUDA AND OMEGA

NEWGAM=0
NIRIGZ0
U0 710 JZ1eNSATP
SINO{J)=SIN(OMEGA (V) )
COS0(JI=COSIUMEGA(V) )}
SINLIJ)SSIN{ELAMBLUG))
COSL(J)=COS{ELAME (D))
GAMMLJ) ZARCOS{SIND LU #COSLEIV))
LFANORLIEN) 718,720,720
NTRIG=1
FINU SIGMA

NOF INDzLSHADE
CALL SIGHET(KABG.LSHADE)
SIUMA2=SLIGMA/PIL1S0

PRINT SUN-SHADE POINTS
IF(PHIN2+900,0) 6431643106492
FINS0 U
FOul=0,.0
SUNZ2,0
60 TV 6453
FINSAMOUA{PHIN24300.0,360,0)
FOUT=AMOU (PHUT2456U.U0 360,0)

DK022340
DK022350
DKu22360
0Kp22370
DKg22380
DK022390
DKU22400
uKo22410
DKY22420
DKg22430
bKg22440
DK224%0
UKG22460
DKg22470
DKg22u480
0UK022490
DKp22500
DKU22510

XH{R=2) » XH{K=UKy22520

0OK022530
bKu22540
DKy22550
DK022560
DKy22570
DK(22580
DKE22590
DK022600
UKy22610
bKU22620
DKu22630
DKp22640
DKu22650
DKo22660
DKu22670
DKp22680
DKp22690
DKU22700
UKy22710
DKy22720
LK(22730
DKU22740
LKY22750
DK322760
DKY22770
Lbkuy22780
VK022790
bKy22890
UKg22810
uKy22820
UK022R30
DKy22840
DK922850
UKQ22860

FORMAT (3Xr28HMAX. * ORBIT ALT, (NM) * MING»8Xy4HPHIO8X o 4HUPHT » 8X,UK022870

15HSIGMA Y 7 X2 GHBETA»8Xy UHPHIN 8X s SHPHOUT/1XF1U.2,9%XF11,2+6F12,5)

LF (KABG) 6006459650

wRAITE (6,646)ALPZrAM2

FORMAT(TH ALFHAZFlu.D»8H GAMMAZFlu.b)
60 TU Y9

WRATE (696D51) ANINCLrASCNOD» ASNLNG e KGI1ASCHDECLIN

LKy22880
DKy22890
LKU22900
UKg22910
DK022920
bKp22930



C

651

990

110
1u9

111
113
140
109
150

1bl
149

170
156

999
uva
1000

461

FORMAT(13H INCLINATIONSF10.59,24H ARGIMENT OF PERIFOCUSEF10.5021H OK022940
1 LUNG, OF ASC, NUDEZF10.5/18BH RIGHT ASCENSIONZF10.5,14H DECLINATDK022950

2108TF1045) DK022960
IF(NEWDC) 150,15ur110 DK022970
TRANSCRIBE NEw INTERNAL HEAT LOADS DKp22980

wRLTE (6+109) 0K022990
FORKMAT (24HONEW DUTY CYCLES READ IN) DKQ23000
DO 140 L=1,8 DKo023010
KEAD  (11)Ks KLy (£2(J) 92 Jd=1041) DKQ23020
IF(K) 15y»150,111 DKQ23030
NERL+HKL+L DK023040
AF(Z(481)) 115,115,140 DK0230590
Nme DK023060
WRITE (691391Ky (£(J) 1 J=1eN) DK023070
FORMAT (BHUINLVEXIZ/Z (6H QINSF8,4s4H {=F8,2,)6H OQINZF8.4,4H T=F8,20K023080
1e6H QINZFB,4,4H 1=F8.2¢6H QINZF8. 444 T=F8,2)) DK023090
LF (NEWMA{) 999,999,151 DK023100
IRANSCRIBE NEwW ELEMENTS DK023110

wRi1TE (6+149) . DK023120
FORMAT {37THOELEMENT COATING SUBSTKATF DUTY CYCLEBXSHLAMDATXS5HOMEGATDKD23130
IXGATL0) 6EXIHTHICKNESSUXUHAREA4UXBHNODE NO, ) DK023140
LO 170 L=1»200 DK023150
LL=L DK023160
READ  (4+9591)Ks (21d)9»U=1,12) s AREAY LL13) OK023170
IF{K)} 9999999,17v ' 0OK023180
WRITE (61960 (Z2(J)»J=1012) 9 AREAr£(13) DKu23190
FOKMATA{2XAU r0XA2) BXAL)9XAL 1 OXAGIAZ) 4XABIA2r LUXAB)A2, UXAGIA2, DK023200
12X ABr4X 9 AD) DK023210
SET INITIAL TeMPERATURES DKQ23220

VO 998 JZ1eNSATP DK023230
T(led) =T L) DKp23240
KEWEIND 13 DK023250
KEwIND4 DKp23260
wWRITE (6e461)REV oK023270
FORMAT (// 35H MAXIMUM NO, OF ORbITS REQUFSTED= F7.3 ) DKp23280
KE FURN DKg23290
ENU DK023300
FOR DECK3¢DECK3 DK030000
SUBROUTINE LOOP DK030010
LIMENSLION TRASH(LT7) 9oF(10,99642) ) HTAB(Y) )ANGTAB(10) ywH(18) 9 XH(9), DK030020
LYH(6) 2 ZH(B) 1 ELL(Y) P RPP(9) yRR{9) » CAYY(Q) » TIME(2) OKG30030
UIMENSTON DT(2,200)2T(20200) v SINLL200) v COSL(200)¢SINO(200) s DK030040
1C0S0(200) » THICK (20U} o NCOAT (200} 1 NSUBS(200) »COSRS(200) »PHIT(200), DK03(050
2GAMM(200) »NDUTY (20U) OK030060
UIMENSION ESUN(8) )EEE(8+42) pRO(B,)U2) »SP(8e42), TAINTI(41+8) DK030070
LIMENSION BUFFER(2) DKQ30080
COMMON TRASH)FoHIAB s ANGTARsWH ) XHo YHo 2HIELL yRPPyRRyCAYYsPI2PIH,y DK030090
LIWORPLPLIIROyNOF INDyNQORT » IFIRSTINEWSLG DK930100
COMMON KPULNE 7o NORIEN) K TEMP o NUMRUN» NSATP » NPRINT ¢ KREV ) NPOOIREV . DK030110
COMMON A, BsCrAYE,BEE»RPIRNYPEEELsReCAY,BARL ¢Sy ALP2,BET2,GAM2, DKp390120
1ALPHA2)BETA2 9 GAMMALZ »COSA»COSB »COSGr SINB PHIMAX OK030130
LOMMON SIGMA,CSIUMAPSSIGMATSIGMA DK030140
COMMUN PHIZ2 yDPHL2 yPHIZeDPHIZPHI, CPHL,SPHI»PHIN2» PHOT2» SUN UK030150
COMMON TIMEZTABSe IELAPS»ZEIT,,TIME »DELTAT» XF e YPeDFE»DPSQeJleJ2 DK030160
COMMON EPTPU EPSLGZs TMy FTMySASZ2 1 SRASH ' QK030170
COMMON G o RHRUP Y RRO» CPy EPSLNy LTKoKITEK DK030180
COMMON QNET»WSATrQINT» QEXT o QPLAN, QAL B, QSUN,QOLD» GNEW, TBREAK DK030190
COMMON GAMIPHIC AL § rALTI ) ANGS»CTHE T o FDoFF DK030200

137



300

407
710
001
60U

711

coo

ol4

[1U)
7i2

720

COMMON PHIL1»PHI2yISIG»FUDGEs T8, JUDGE» PUFFER RV ¢NLINE
COMMON COSLS»SINLS DT TrSINL»COSLrSINO»COSO» THICK o NCOAT 1 NSUBS
1COSKS yPHLT » GAMM

COMMON ESUNSEEE s RO»SP» TOINT »NDUTY» ANLNCL » ASCNOD ¢ ASNLNGsRGTASC
1LECLIN :

DIMENSION AA(6)sAALIB) 1PL6)IPL(6)

COMMON AA»AAL,P»P1s IORDER, IORDL» LERROR» THETAYDTMAX EN1vENsFACT,
1YNHATENHATL » EMAG) UERROR,DTTEST

COMMON HSUNeHALB, HPLAN» NODE

LIMENSION HSUN(200) +HALB(200) ,HPLAN(200) »NODE(200)

COMMON KETCH

LCOMMON HASUN,HAALByHAPLN o HATOT

DIMENSION HASUN(200) »HAALB(2U0) + HAPLN(200) ,HATOT(200)
COMMON ZAREA

DIMENSION ZAREA{200)

COMMON IMTHRU

DIMENSION IMIHRU(2U0)

COMMON IMHI »PNAME o PHIPLT s TIMPLT o NPLOT ) LAST » JUMP o LMAX, IONCE
DIMENSION PNAME(§9)!PHIPLT(lgﬂ)OIIMPLT(lgo

COMMON TYME] ) TYME2 s TYME :

LIMENSION TPREVI20U)

LIMENSEON ISIBL(200)

COMMON/BKIK/JTJK

U0 300 1I=1.200

IMTHRUA(I)=0

IMHLI=NSATY

CALL RESET

PO 407 14=1,190

PHLIPLTIIZ)IS0.0

FIMPLT(1Z)=0.0

RESET LINE COUNT AND PRINT PAGE MHEADING

LF(JUDGE=359) T1iys711,710

LF(NQORT=2)6U0+6UDr601

NDZNQORT =2

60 TO 712

NOE~NQOR T

0 10 712

LF (NQORT=2)6U3+6U3,604

wE CALL YOUT BECAUSE IT IS NOT POSSIBLE TO HAVE A BLOCK QUTPUT
WHEN NQORT 1S GReATER THAN 2, TOUT WitlL CATCH THIS ERROR,
PRANT A MESSAGE, AND CALL EXIT.eo

CALL TOUNL (L)

CALL EXIT

ND==3

CALL TALLY(NLINFp=1s¢ND)

IF (NQORT*NQORT =~3%NQORTY 73007329 7130

CUMPULIE MAXIMyUMUM TIME INTFRVAL

PHL1Z(180,0-UPHI2*U,5)*P1180%0.5

LZL=STNAPHILTY /COS(PHIL)

LZIZATAN((A=CI*Z22£1/8)%2.0

AF(Z21)BoleBo1r811

Bo1
871

Yol
971

138

CZ1=Z27142 0511
SINZ12SAN(Z21)
LZITRN*R(L21-CHSINZLI/A)
FHLLSPHIL+UPHIZ%P1180%0.5
222=SIN(PHEY) /COSPHIY) -
Z2Z=ATAN((A=C) *Z£2/8) %20
1F(ZZ22) 961,961,971
CL2Z222+2.0%FY :
SINZZ1=SIN(Ze2)

DK030210
0K030220
DK030230
DKp392u0
DK030250
DK030260
DK030270
DK§30280
0K030290
DK030300
DK030310
DK030320
DK030330
DK030340
DK030350
DK030360
DK030370
DKg30380
DK030390
DK030400
DKg30410

- DK030420

DK930430
DK030u440
DK030450
DK030460
DKo30470
DKg30480
DK030490
DK030500
DK030510
DK030520
DK030530
DKG30540
DK030550
DK030560
DK030570
DK030580
DK030590
DK030600
DK030610
DK030620
DKO30630
DKO30640
DK030650
DK030660
DK030670
DKg30680
DK030690
DK030700
DK030710
DK030720
LKg30730
DKY307u0
DKO30750
DK030760
0Kg30770
DK030780
DK030790
DKO30800



9vir2

133
731
192

500

C o%x%kx%
C k%

501
“uy

441
4351
432
C k%%
433

741

750
/o1

[4:-Y4
C okkx

419
418
422
421

423

e

DTMAXSRN* (Z22-CxSINZZL/A) =271
SET [NITiAL TEMPERATURES FOR STEADY STATE TESTS
BO 731 J=1eNSATP
IFUIMTHRUGDY Y 7310733,731
IPREVIJ)IZE T(l,d)
CONT ENUE
LINC=360.,0/DFHIZ2+0.5
KREVZREV+,9999
LSUN=1

TAPES 9 (AS) ANU 11 (A6) ARE USED AS TEWMPORARY STORAGE FOR TEMP,

ANU OTHER VALUABLE INFORMATION, ..
i1=9

JT=11

REWIND I¥

REWIND JT

KEEPZO0

NPISz=0

NDU=Q

NSSZy

PHiBADz==Y4U9,y

ESIABLISH PHL-IN(FEIN) AND PHRI-OUTI(FELOUT) VALUES 7O 8F USED IN

1ESTS +0OKR BAD PHY
FEINSAMOUAPHINZ+ 60,09 360,0)
FEOUT=AMOD (PHOT243004,0¢360.0)
L0 850 KZ1rKREV
NSIBL=1
NORBIT=K
WO 4uy IUKZT1pNSATP
1SIBLIIJK)I=O
RVIK
LREVEREV=KYV
1FINPLOT) 4bi,ua2y44]
LIF(NQORT=3)b42,451 451
IF(URRVIU3204339433
FFIK=1)0433,403ru42
INITIAL1ZE AVvG. EPP CALCULATION
CALL HEAT (201)
LF (DRRV)IT419 750,750

FRACTIONAL ORBIT

LMAXZZ360 ., U* (LRRV+1,0) /DPHI2+u,5

L0 TU 751

COMPLETE ORBIT
LMaxXzL INC
U0 800 L=1r.LmAX
tELTE
L=l
1SKIP=0
FHIABSTPHLIZ2+FEL*DPRI?
iF PHIABS IS IN A TROUBLE SPUT » SKIFP OUTRPUT AT THAT POINT
FE=AMOUD(PHIABS 300,0)
LFAFE~FELN )418,419+419
LFAFE=FELN =, 1)u21,4211418
LF(FE~FEQUTIH22,4220423
IFAFE=FEQUT+, 10423421421
L1SR1IPZ1
TR CLISUN=2)425,80ur80U
CONTINUE
LF{SUN=2,0) 3,101y

FINU POSLITION [N ORPLT

0 TU (2uv2D0) ¢ ASUN

DK(30810
DKp30820
0K030830
DK030840
DK030850
DK030860
DK030870
DK030880

© DKg30890

DKB30900
DKg30910
DKo30920
DK030930

: DK030940

DK030950
LUK330960
DKp30970
DK030980
DK030990
DK031000

" DKg31010

UK031020
DK0G31030
DKg31040
0OKp31050

* DK031060

DK031070
DK31080
DKY31090
UK031100
DKu31110

‘DK31120

DK031130
DKo31140
DK031150
DKg31160
DKg31170
LKo31180
OKg31l190
DKu31200
DKy31l210
uKp31220
DK031230
DKp31240
DKp31250
UKy31260
DKU31270
bKy3i280
DKg31290
DKg313¢00

-DKu31310

DK031320
DKO31330
DKU313u0
DKG31350
DKU31360
DKU31370
DKU31380
DKu31390
UKG31U400
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140

200
260
210

C *xx
411

C *%xx%x
%412
205
206
205
C ®%xx
413
C »x%xx
C x%x
427
429
%28

414

z5u

iRy

424
426

425
1ul
1u2
1e

401

402

403
LX)

408

4ub

TEST =(PHIABS=PH{NZ)Ix(FPHIABS=-PHOT12)
AF(TEST) 260260265
IF(SUNY1U910,210
SUN=SHADE POINT JUST PASSED =~ REDEFINE PHIABS

NSS=-1
AFINDOIG11,4110412

PHIN2 ¢ SUN
PHIABS=PHIN2
1SuN=2
SUN=1,.0
60 10 10

PHIN2 » SHADE
PHIABSZPHINZ + .1
SUN=0,0
60 TO 10
TESTS(PHLABS=PHINZ2=360¢0) * (PHIABS=PHUT2=360,0)
LFLIEST) 260+2609266
IF (SUN) 205,205,110

SHADE~SUN POINT JUST PASSED =« REDEFINE PHIABS

NSSZ1
LF(NDOIUL3»4130014

PHOT2 ¢ SHADE
PH1ABS =PHOTZ =.1
LSunNz2
SUNZQ,.0
1IF FEOUT=.1 » AT FIRST CALCULATION PUINT OF FIRST ORBIT, IS LESS
AF (NORBITHLL=1)u274270428

THAN PHIZ2 (PHI AT TIME ZERU) Wt SHAIL ALWAYS SKIP JHAT POINT

LF(FEQUT =, 1=PHIZ2) 429, 429,10
PHiIBAD=PH1ABS
IF (ABS(PHIABS=PHLIBAD) =4, 000001)430243U,10

PHOT2 » SUN
FHLIABSZ PHOTZ2
sSUn=1,u
60 T0 10

SUN=SHADE POINTS ALREADY CHECKED DURING THLIS INTERVAL
CONT INUE
1SUNZ1
CUNVERT HPHI TQ FIRST FOUR QUAURANTS

FH1ZAMOD(PHIARS s 360U 0) -
LFLISKIPIU250425,424
IF (ABS(FE=PHL) =, y0uU01) 4264260425
1SnlIPzy
60 TO 80U
CALL LOCUS
IF{TARS=[IME(JL)+0.5%PEE) 102,12,32
TABSETABS+PEL
60 TO 1031
1ImME(J2)ZTABS
LELT=TABS
LF (KEFP) 400,401,400
LFIK=1)0U3s4U3, 092
KEePZ1
00 TO 40u
LFANPLOT IBU3Z,508,443
NP IS=NPTS+L
lF(ABS(Phl)—.01)404;404:“05
PHLPLTINPIS)Z360,0
60 TO 40e )
FHIPLTINPTS)SAMOU(PHI+S6..0¢3604.0)

DKp314310
DKO31420
DK031430
DKy3lu440
DK031450
DKU31460
DK031470
DK031480
DKO31490
DK031500
DK031510
DK031520
DKu31530
DK031540
DKU31550
DKU31560
DK031570
DKy31580
DKY31590
DK031600
DKU31610
DKU31620
DKU31630
DK031640
DKy31650
DKY31l6en
DKO31670
DKp31680
DKO31690
DK031700
DKY31710
DKu31720
UK031730
DKU31740
DKO3L750
DK03176n
DKy31770
LKy31780
DKU31790
DKE31800
DKU31810
DKU31820
DKU31830
UKg31840
DKp31850
DKu31860
DKy31870
pxu3issn
DK031890
DK0O31900
DKu31910
DKU31920
DKU31930
DKu31940
PKU31950
LK031960
OKy31970
DK031980
DK031990
DKU32000



406
400
508

503
505

bO7
13

21
23

22

14
1h
C
16
17

430
416
417

41%

8U0

439
434
4356
436
C oxkx
437
438

410

o022

810

803

80b

854

TIMPLT (NPTS)ZZEIY
GO TO 508

DK032010
DK032020

READ  (IT)(T(J2,J)rHSUNCJ) v HALB(U) pHPLAN(J) ¢+ HASUN(J} » HAALB(J) +HAPL DK032030

IN(J) pHATOT(J) » JZ1 2 NSATP)

DO 13 J=1sNSATP

1F INQORT®NQORT =3%kNQORT)I503:507+503
IFCIMTHRU(J) ) 13,905013

CALL TEMPER(W)

G0 TO 13

CALL HEAT(J}

CONTINUE

LF(DRRV)21+23,23

IF(K=1)23+23¢22

LAST=JT

OKg32040
DKp32050
PKg32060
DK032070
DK032080
DK032090
DKp321p0
DKp32110
DKo32120
DK032130
DK032140

WRITE (UTIIT(J29J) sHSUNGU) v BALB{U) ¢ HPLAN(J) s HASUN(J) »HAALB (J) »HAP| DK (32150

IN(JU) s HATOT (J) » J=1 e NSATF)

CONTINUE

ND= MOD(L#NPRINT)

IFCISUN=2) 165,16410

IF{ND) 1716917

PRINT AFTER EVERY NPRINT LNCREMENTS

CALL TOUT (L)

JUBSJL

Ji=J2

J2=JuB

IF(NSS)I816,415,416

IF(NDO)Y4L1T7o41T70415

NOU=1

IF(NSS)210+210s205

NDU=0

NSS=0

LF(ISUN=2) 800,752,752

CONT INUE

IF (NPLOT)439,4389439

1F (NQORT=3) 4384370434

IF(DRRV) 435,436,456

IFAK=1)85T7s437s0438

LFIK=KREV) 43R, 437437

CALCULATE AVG, EPP IF IT IS TIME TO DO SO
CALL HEAT (2u2)

CONTINUE

LF(DRRV 199410410

LF TEMPERATURE CYCLE HAS STABILIZEDs HALT COMPUTATION

1F (NQORT*NQOKRT =3%NQORT)802+99,80u2

IMTHRUC(I) = U MEANS THAT THE TEMPERATURE OF ELEMENT 1 HAS
NOI STABILIZED

DO 805 IX=1s,NSATP

IF(IMTHRUCIX))805,810+805

LF (ABS(TPREVIIX)=T(J1yIX) )~ U,5) BU3,R03,805
IMTHRUCIX)= K

ISTBLANSTBL)=IX

NSTBL=NSTBL+1

CONT INUE

NSTBLENSTHBL-1

WRITE (6+854)ZETTyNOKBIT

FORMAT(/ 20H THE OUTPUT AT TIMESZ F8.2,19H ENDS ORBIT NUMBER

NLINE=NL {NE+5
WRITE (60408) (ISIBLIIJK) » TJKZ1)NSTBEL)

DKU32160
DK032170
DKp32180
UK032190
DKg32200
DKp32210
DK032220
DK032230
DK032240
DKy32250
DK@32260
DKuy32270
DK032280
DK032290
OKy32300
OKu32310
DKu32320
DK032330
LK032340
DK032350
UK032360
0032370
DKu32380
OKy32390
DKu32400
LK32410
DKp32420
0K032430
DK332440
DK032450
LK(p32460
DKg32470
DKy32480
DKu32490
DKu32500
0K032510
DK)32520
VK032530
DK032540
DK(G32556
DKp32560
OK032570
DKy32580

408 FORMAT ( 68H THE TEMPERATURES OF THESF NODES STABILIZFD DURING THEDK(Q32590

1 LAST ORBIT,... 1215 /7 (1X,2615) )

LK032600
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142

808
C x%%

44

809
807

606

88
8O0

800
99

1ou02

Yy9Y

10003
C xkx

DO 808 IS1sNSATP
IF{IMTHRUCI) ) B08,8u9,808

CONT INUE )
CALCULATE AvVe, EPP IF ALL NODES HAVE <TABILI1ZFD
LF (NPLOT) 440,99 440

CALL HEAT(202)

0 70 99

CONTINUE

DO .BO6 IXZ1,NSATP
CLFAIMTHRULIX) )800r807,806
TPREVIIXIZ=T (Ul IX)

LMHIZIX

CONT INUE

RESET STARTING INDEX IN INTERNAL HEAT TABLES

LU 830 Jz1e8
LF(TQINT(41+J)=2,0) 830,830,828
TQINT(41rJ)=L 0

CONT INUE

KT=11

iT=uT

wT=KT

REWIND 114

REWIND JT

CONT INUE

CONT INUE

CALL CLOCK(TYMEL)

LF (NPLOT )10U03,10u02,10003
TYME2=0 .U

WRLTE (699999)TYMEL

FORMAT(///7/ 53H CALCULATION TIME FUR THIS CASFEF = F6.2¢

1 14H MINUTES,. .. )

RE JURN

CONTINUE

SNELAK AVe, EFP INTU LINK 2
CALL HEAL(203)

LMAXZNPTS

WRLTEL(H»409)

DKY32610
DK032620
DKO32630
DK032640
DK032650
DK032660
DK032670
DK032680
DK032690
DK032700
0K032710
DK032720
DK032730
DKy32740
DK032750
UKU32760
DK932770
DK032780
DK032790
DK032800
DKD32810
DKu32820
DKU32830
DK032840
DK032850
LK032R60
DK032870
DK032880
DK032890
DK032900
DKu32910
UK032920
DK032930
UK032940
DKU32950
DKu32960
UK03297n

409 FORMAT( /// 08H S=L 4020 PLOTS HAVE oFEN REQUESTED AND SHALL RE PRDKg3298n0

1uViDED BY LINK 2 )
CALL MAIN2

JIuK=1

KETURN

ENU

FUk DECKU»DECKY
SUBROUTINE TUUT (L)

UIMENSLION TRASHOLT7)sF(10,9,42) v HIAB(Y) pANGIAB(10) ,wH(18) 2 XH(S),

1YH(6) s ZHIB) s ELL (D) o RPP(9) yRR(Q) » CAYY(Q) p 1 TME(D)

LUIMENSION DT(2,20002T(2¢200),SINLL20U) »COSL(20U) rSINU200),
10050(200) » THICK(20U) o NCOAT(200) »NSURS(200) »COSRS(200) »PHIT(200)

2GAMM(200) »NDUTY (2041

LIMENSLON ESUN(B) vcEE(B8sU42) rRO(B,42) 1 SP(8042) 3 TAINT(41+8)

LIMENSLON BUFFER(2)

COMMON TRASHeFoHIADS s ANGTAB s WH ) XHy YH e LH2ELL y KPPy RKHyCAYY )P Ly PTHy

LIwWwUP1sPILBO0yNOFINDY NQORT » IFIRST o NEWSAG

COMMON KPLUNE] s NORIENs KTEMP p NUMRUNI NSATP y kPRINT s KREV e NPH0 s REV
COMMUN AyBrCrAYFyBEEsRPIRNIPLE ) ELIRICAY 1 BAKL e S» ALP2,BET20GAMZ,

1ALPHA2 o BETA2»GAMMAL 1 COSA,COSE, COSGr SINByPHIMAX
COMMON S1G6MA,CSIGMA»SSIGMA,TSIGMA

DK332990
DK033000
UK033010
UKy33020
DKu33030

UKQ40000
LUKU40010
DKO40020
LKg40030
DKo40040
VKQ40050
DKy4goen
DKgugo70
uKg40080
DKou40090
OKu40100
DKoso1in
DKg40120
DKQ40130
OKou40140



COMMON PHIZ2,DPHL2+PHIZ e DPHI 9 XHI 9 CPHL » SPHI ¢ PHINZ2» PHOT20SUN OKo40150
COMMON TIMEZ, TARS» TELAPS,ZEIT,TIME yOELTAT» XP o YPoDEE »DPSOpJILrJ2 DKO40160

COMMON EPTPU EPSLG2r TMyFTMy SAS2» SRASH DKo40170
COMMON GrRHRCP»RHO» CP o EPSLN» ITK o KITEK DKg40180
COMMON QNET puSAT»QLNT » QEXT » QPLAN QAL » QSUN» QOLD r UNEW, TBREAK DKo40190
COMMON GAMP»PHIC/)AL Y v ALTI o ANGS»CTHET »FDFF OKQ40200
COMMON PHI1,rHI2, 1516»FUDGE» TPL»wUDGE ,BUFFER,RV e NLINE DKOu40210
COMMON COSLSySINLS»UTeTrSINLyCOSLeSINOyCOSOr THICK ;NCOAT » NSUBS, DKQuo0220
1COSRSPHLT r GAMM ’ DKO40230
COMMON ESUNSEEE s RO»SP» TOINT +NDUTY » ANINCL » ASCNOL » ASNLNGYRGTASC, OKO40240
1UECLIN DKo40250
LIMENSLON AALE) v AALIB) 1P(6)9P1(6) DKy40260
COMMON AR AAL,PyP1y IORDERYIORDL » LEKROUR ) THETASDTMAXPENLsENsFACT, DKou0270
1YNHAT »ENHATL»EMAG P UERROR »DTTEST DKOou0280
COMMON HSUN,HAL By HPLAN, NODE DKO40290
UIMENSION HSUN(2u0) »HALB(200) 4HPLAN(Z00) ¢NODE(200) DKO#40300
COMMON KETCH OK040310
COMMON HASUN, HAALB » HAPLN yHATOY DKO40320
DIMENSION HASUN(Z20U) »HAALB(200) + HAPLN(20U) »HATOT(200) DKO40330
COMMON ZAREA DKO40340
DIMENSION ZAREA{200) DKG40350
PHLEXHIL DKD40360
LFAPHI) 38¢39,39 DK040370

38 PH1=PHI+360,0 DKou0380
39 1F{JUDGE=359)40,10U0,40 OK(G40390
100 [F(NQORT=2)1yu,10,1000 DKO40400
1008 WwRITE (6,1001)NQURI DKO4O410

1u01 FORMAT (LHYle/////7/7/735H YOU WANT A RLOCK OUTPUT FOR NQORT=I3 // DKo40u2n
1 61H THIS IS NOT PUSSIBLE AT THE PRESENT TIME,,.1 SHALL CALL EXIT)DKO40430

CALL EXIH OKQ40440

4y K1z=1 OKO40450
LF(NQORT=2)512,5421513 DKO40460

913 NARGZNQORT=2 OKQuo4790
w0 10 514 DKOu4Oougo

512 NARG = -NUORY DKO4Ougo
914 CALL TALLY(NLINE +2rNAKG) DKO40500
IFANQORT=1)44,61,510 DKQ#0510

51U LF (NQOR1=2)51,51,541 DKO40520
511 LF(NQORT=3181,81,91 DKO40530
HEAJ ONLY . DKp40540

44 WRITE (6s411)PHIZEIT/NODE(1) oHSUN(1) ,HALB(1) ,HPLAN(L) DKQ40550
AF (NSATP=2)99,42,42 DKOu0560

e VO 43 JTZ2eNSATF DKQ40570
CALL TALLY(NLINE,1,=NQORT) DK040580

4o WRITE (6,412)NODE(J) +HSUN(J) s HALB(J) » HPLAN(J) PK040590
441 FORMAT(/FBe1sFB.20LXIRP4F10.2) DKO40600
412 FORMAT(15XI3yu4F1lu.2) DKO40610
60 TO 99 DKO40620

bl WRATE (6,411)PHI»ZELITINQOE(1) T (U291),HSUN(L) yHALR(1) »HPLAN(L) 0K040630
LF (NSATP=2)99,52,52 OKouo6eu0

be L0 53 JT2eNSATP OKQ40650
CALL TALLY{NLINE1»=NQORT) DKo&#0660

bo WRAITE (6s412)NODE(J) » T(J2¢J) 2 HSUN(J) » PALB (J) ¢ HPLAN () DKO40670
60 10 99 DKO40680

bl WRiITE (62811)PHIZELIToNODE(L),TlJ2,1) DKO40690
LFANSATP=2)9Y,62+62 DKG40700

o LO 63 JTZ2/NSATP DKO#9710
CALL TALLY{(NLINE,1,=NQORT) DKOW0720

60 WRATE (6s412)NODE(J) 2 T(J2,d) OKo40730
©0 10 99 . DKO40740
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C

INCIDENT AND ABSORBED HEATS

DK040750

81 WRITE (69810)PHT ZE1TyNODEC(T) s HSUNCL) (HALB(1) yHPLAN(L) sy HASUN(1)/yHDKG4OT60

81lu

82

1AALB (1) e HAPLN(1) pHATOT(1)

FORMAT( /F6,0+F8:2s1XI3¢3F10,2911X,4f10,2)
IF (NSATP=2)99,82,82

DO 83 J=2¢/NSATP

CALL TALLY(NLINE,1+1)

DKO40770
DKO40780

= DKO40790
DKO40800

DKO40810

83 wRITE (6¢,830)NODE(J) oHSUNAU) yHALE (J) o HPLAN(J) s HASUN(J) s HAALB(J) »HADKOH 0820

834

910
92
93

93u

iv

29
Tud

25

Si
T

sS4

7ul
7v2
Tu3
Tuy
Tub
99

TPLN(J) +HATOT (J)
FORMAT (15X139 3F1U.2,11Xe4F10,2)
60 TO 99

TEMPERATURE » INCIDENT HEAT, AND ABSORBED HEAT
91 WRITE (6¢910)PHI»ZeITyNODE(1),T(U2s1),HSUN(L1) sHALB(1)»

1SUN(1) rHAALB (1) 9 HAPLN(1) »HATOT (1)

FORMAT (/F6,1,FB.2¢1XI324F10.2,11%X,4F10,2)
IF (NSATP=-2)9Y,92,92

DO 93 J=2sNSATP

CALL TALLY (NLINE»1,2)

DKO40830
DKou0840
DKpu 0850
DKO40B60
HPLAN(1) yHADKOQUG870
DKp40880
DKou0890
DKo40900
DKo40910
DKO40920

WRATE (62930)INODE(J) »T(J2sJ) pHSUN(J) »HALB (J) o HPLAN(J) » HASUN(J) yHADKO40930

1ALB(J) »HAPLN(J) »HATOT (W)

FORMAT (15XI3,4F10.2,11X,4F10,2)

60 TO 99

LASINSATP+9) /10

CALL TALLY(NLINE)L8+29=3)

IF (NQORT=1) 11s21921

ONLY HEAT FLUXES ARE REQUIRED

WRITE (6+702)PHIZEIT

CALL ARRQUT (HSUNY(1) ¢ LB NSATP)

GO 10 31

TEMPERATURES REQUIRED

WRATE (6,701)PHIZEIT

DO 23 J=19NSATP,10
NFZMINO(LD®JyNSAIP)

WRITE (62708)Js L0 {J2,N) o NTJsNF)
FORMAT(L4XIH)2X10F10.2)

LFINQORT=1) 99,99,25

HEAT FLUXES AS wELL AS TEMPERATURFS NEEDED

CALL TALLY(NLINE,LU+2,~3)

WRATE (6,706)

L0 TO 12

CALL TALLY(NLINE,L8+2+-3)

WRITE (6,703)

CALL ARROUT(HALB(1) L8/ NSATP)

CALL TALLY(NLINE,Ld+2,~3)

WRITE (69,704)

CALL ARROQUT (HPLANTL) »LBs NSATP)
FOKMAT{(/F64.3oF9.29014H TEMPERATURES)
FORMAT(/F641¢F9.2,10H @ SOLAR )
FORMAT (/17X8HQ ALBEDO)
FORMAT(/17XBHQ PLANET)
FOKMAT(/17X8HQ SULAR )

KE 1URN

ENU

FUR UVECKS»DECKS
SUBROUTINE HEAT(J)

DKOuo940
DKgu 0950
DKO40960
DKo#0970
DKg40980
DK040990
DKou1000
DK0&1010
OKo41020
DKQ41030
DK041040
DKO41050
DK041060
DKg#1070
DKo41080
DK041090
UKo&1100
DKg4l1110
DKgu4l1120
DKo41130
DKO41140
DKo41150
DKot1160
DKou1170
DKoa1180
DKQu1190
DKyt1200
Okosi210
DKou4l1220
LK041230
DKo4 1240
DKo41250
DKQ41260
DKgu1270

DK050000
DKU50010

DIMENSION TRASHAL17)»F(10,9e42)yHTAB(9) s ANGTAB(10) »wH(18) 2 XH(9), DK050020

1YH(6) 2 ZHL6) y£LL(9) ¢y RPP(9) yRR(Q) » CAYY(Q) » TIME(2)

Dkys50030

UIMENSION DT(2,200)»T(20200),SINL{200) »COSL(200)+SINGL200), DKO50040



C *%k

101

108

i0s

102
C x*xx
1u9

104

110

100

10050(200) + THICK (20U) +NCOAT(200) +NSUBS(200) » COSRS(200) s PHIT(200)
2GAMM(200) s NDUTY (2£00)

UIMENSION ESUN(8) »EEE(Bs42)0RO(B,42)9SP(8+42) TRINT(41,8)
COMMON TRASH)F o HIAB»ANGTAB)WH ) XHes YHo ZHoELL yRPPyRRyCAYY Py PIHy
LIWOPL,PILB0 s NOFIND s NQORT, IFIRST e NEWS 1S

COMMON KPLNE'[ » NOKIEN KTEMP » NUMRUN» NSATP e NPRINT o KREV)NPS0,REV
LOMMON A ByCrAYE  BEE»RPIRN)PEESELYRyCAY BARLS»ALP2,BFT2yGAM2,
1ALPHAZ »BETA2»GAMMAL» COSA»COSB . COSG SINB» PHIMAX

COMMON SIGMA,CSIGMAYSSIGMA, TSIGMA

COMMON PH1Z2/yDPH12,PHIZ» DPHI»PHI»CPHL»SPHI »PHINZ2,PHOT29 SUN
COMMON TIMEZ» TABS» TELAPS,, ZEIT»TIME »DELTAT+ XPrYP+OFE+DPSQyJ19 U2
COMMON EPTPU,EPSIG2/r TM»FTMySAS2 s SRASH

COMMON GoRHRCPsRHO»CPyEPSLN ITKeKITER

COMMON QNET yUSAT»QINT ¢ QEXT » QPLAN QALB, QSUN,GOLD»QNEW, TBREAK
COMMON GAMPPRIC)ALTsALTI ANGSyCTHET o+ FDoFF

COMMON PHILsFHI2»ISTGrFUDGE »y Tl » JUDGE » TPLy BUFFERPRV e NLINE
COMMON COSLS e SINLS DTy TrSINLCOSL»SINO»COSO» THICK ,NCOAT ¢ NSUBS)
1COSRS)PHLT » GAMM

LCOMMON ESUNIEEE»RO»SPy TOINT o NDUTY ¢ ANINCL » ASCNOD» ASNLNG s RGTASC e
IUECLIN

DIMENSLION AA(A) »AALIB)»P(6)PL1(6)}

COMMON AArABRL»PyPLr» TORDER, IORDL » LERRUR Y THETAYDTMAXPENLPENSFACT,
LYNRAT)ENHATL »EMAGY DERROR,DTTEST

COMMON HSLUIN HALRBy HPL AN NODE

DIMENSION HSUN(200) »HALB(200) 4HPLAN(200) »NODE(200)

COMMUN KETCH

COMMON HASUN,HAALB+HAPLN,HATOT

DIMENSLON HASUN(Z0U) ¢ HAALB(200) »HAPLN(200) ¢ HATOT(2U0)

COMMON 2AREA

UIMENSION ZAREA(200)

COMMON IMTHRU

UIMENSION IMIHRU(2u0)

DIMENSION DARK(200) ¢ RRITE(200)NBRITF(200)
IF(J=2U1)100+,101+102

INLTIALIZt CALCULATION OF AVG, EPP (PLANETY ABSORPTIVITY) TOQ BE
QUTPUT ON SC=4020 PLOTS

LO 103 I=1sNSATP

IF (IMTHRUCTI) ) 105,108,103

UARKKAT)IZU.0

bBRITE(LI)I=0.0

NBRITE(I1)=0

CONT LNUE

L0 TO 999

LF(J=20221099109,110

CALCULATE AVo,., FPP FOR SUN S{DE

DO 1ob Iz=19NSATP

BRATE(LIISHBRITE(I) /ZFLOATINBRITEA(I))

©0 10 999

SAVE DARK(I) AND BKITEALI) IN TWO ArRAYS wHiCh ARE IN COMMON BUT
NO LONGER USED Iiv I1HIS CASE

U0 111 I=1sNSATP

HSUN(T) ZUVARK(I)

RALB(I)=8RITE(T)

00 TO 999

CONT L NUE

JSATZJ

DETERMINE VALUFS NEEDEN FUR J TH ELEMENT

GAM=GAMM (JSAT)

FHLIC=PHIT (JSAT)

JCENCOAT{JSAT)

DKO50050
DK050060
DKy50070
DKO50080
DK950090
DKO50100
DK050110
DKO50120
DK050130
0K0S50140
DKg50150
DK050160
DK050170
DK(¢50180
UK050190
DK050200
DK050210
DK050220
DK050230
DKOSu240
DK050250
DK050260
DKD50270
DKo50280
DK050290
DK050300
DK0S50310
DK950320
DK050330
DKO50340
DK050350
DK050360
DKO50370
DK050380
LK050390
OKO50400
DKu50u10
DKg50420
DKO50430
DK050440
DKO50450
DK050460
0OKy50470
DKU504880
UK050490
DK050500
DKUS0510
DK050520
DK050530
UK050540
DKg50550
DK050560
DK0O50570
DKO50580
UK950590
DKuU50600
DKu50610
OK050620
UK050630
DKO50640
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411
412
4is

416

42

146

JSENSUBS (JSAT)
ASZESUN(JC)
TEMT=T (J1JSAT)
CALL INTERP(EEE(Lo1)r» TEMT o JCEPSLN)
CALL INTERP(RO(1,1)»TEMT,JS)RHO)
CALL INTERP(SP(1»1)TEMT»JSeCP) "
CALL INTERP(EEE(1r1)+sTFL,JCIEPP)
EPSIG2=-3.428E~09%EPSLN
RHKRCPZ1 U/ {RHOXCP* IHICK(JSAT ) %60,0)
ROUE= (3. y=SUN) %3, 0*%SUN
KOLE=KODE+3+KTEMP+NORTEN+NORIFN
G0 TO (355361339 34935,36041e42¢33040901,42) e KODE
SPINNINGsCONSTANT PLANET TEMPERATURE
FPLANZO « 25%FU
IF{SUN) 531,50,351
FSUNZ=(0.5
FALB=0,0
IF(CTHET) 60,600,332
FALB=FO*CTHE |
<0 TO 60
SPINNING, SHADE»VARIABLE PLANET TFMPERATURE
FPLANSFTM*FD/ {S%(1.0=-R))}
00 TO 50
ORIENTED » SHADE r CONSTANT PLANET TEMPERATURE
ANGSZ0,0
CALL GEOFAC(FF)
FPLANZD « 5%FF
©0 JO 50
ORIENTED: SHADE s VARTIABLE PLANET IFMPLRATURE
ANGS=0.0
CALL GEOFAC(FF)
FPLANZZ2  U¥FTMxFF/ (S*%(1,U=R))
G0 T0 5O
SPINNINGy SUN ¢ VAKIABLE PLANET IFMPERATURE
FPLANSFD*CTHETY
RUBEFTM%FD/ (Sx(1,0-R))
IF (FPLAN=RUB) 401r331,331
FPLANZRUB
G0 TO 331
ORIENTEU, SUN +CONSTANY PLANET {EMPELRATURE
STANGZANGS
ANGSZ0.U0
CALL GEOFAC(FF)
ANOSZSTANG
FPLANZU . D*FF
CALL GEOFAC(FF)
FALBSFF+FF
AF(FALB) 412,815,415
FALB=0,0
FSUNZ2 . 0*%COSKRS (JSAT)
LFA{FSUN) 816+60+00
FSUN=Q L0
6010 60
ORIENTEL, SUN »VARTABLE PLANET (¢MPERATURE
CALL GEOFAC(FF)
FPLANSFF+FF
+ALB=FPLAN
STANGTANGS
ANGS=0. 0
CAaLL GEOFAC(FF)

DK050650
DKB50660
DKg50670
DK050680
DKQ50690
0OKu50700
DK050710
DK050720
DKB50730
DKO507490
DK05075D
DKU50760
DKU50770
pKo50780
0OKu503790
bKo50800
DKU50810
pK050820
DKO50830
DKO50840
LKO50850
UKUS0860
oKpsp870
DX 050880
DKUB089n
DKOS09¢0
DKOS50910
DKU50920
DKY59930
VKU50940
UKG5095n
DKYR0960
DKU50970
DKuS0980
DKU50990
DKu51000
DKyS1010
vKU51020
DKU51030
OKy51040
DKU510%0
DKU51060
DKU51070
DK051080
DK351090
DK051100
bDkuS1110
DKUS1120
UKUS51130
0K051140
LUKu51150
DKO51160
UKU51170
DKO51180
UK051190
bKUS1200
DKyb51210
DKU51220
DKO51230
UKU51240



420
422
50
49
60

500

501

6U6
6u7

ANGSZSTANG

RUB=2 s 0%F TMAFF/ (S%x(1.,0-R))
1F(FPLAN=RUB) 420,420,422
FPLAN=RUB

IF(FALB) 412,415,415
FSUN=0,0

FALB=0,0

QSUNZFSUN%*SAS2
QALB=FALB*SRASH
QPLAN=FPLANXEP TPy
GSUNZAMAXL (QSUN, G, U0}
QALBZAMAX1{QALB O, U}
QPLANTAMAX1 (GPLANY U+0)
QEXT=QSUN+QALB+QPLAN
GNET=AS* (QSUN+QALB ) +EPP*QPLAN
AQSUN=AS*QSUN

AQALB=AS*QALD
AQPLLNZEPP*QPLAN

ATOT=QGNET

IF(ZAREA(JSAT)) 201¢501,500
AGSUNTZAQSUN®* ZAREA(JSAT)
AQALBTAQALBX ZAREA(JSAT)
AGPLN=AQPLN* ZAREA(JSAT)
ATUT=ATOT* ZAREA(JSAT)
F4z1,0

IF(NORLEN) 6UT+6U6+607
F4=4,0

HSUN(JSAT I =F4xQSUN

HALB (JSAT)I=FuxQALB

HPLAN (JSAT)SF4%QPLAN
HASUN(JSAT ) ZF4xAQSUN
HAALB(JSAT) =F4xAuALB
HAPLN(JSAT) ZFu4*AGQPLN
HATOT(JSAT)I=ATOT*F4

LF (NQORT*NQORT ~3%NQORT}61¢71,+61
CALL QIFIND(JUSAT,TELAPS~TIMEZ»TBREAK» ONEW,QOLD)
60 70 99 :

iF (NGORT =3)999,105,105

IF (SUN=1,0)106,107,107

EPP FOR SHADE SIUE (CONSTANT)
DARKK (JSAT) =£PP

00 TO 999

ACCUMULATE EPP FUR SUN SIDE
NBRITE (JSAT) =ZNBRITE(JSAT) +1
BR1ITE (JSAT) =BRITEAJSAT) +EPP
RETURN

END

FUR DECK6»DECKE

SUBROUTINE FREAD

DIMENSLON TRASH(17)sF(10,9942) yHTAB(D) sANGTAB(10) ywH(18)»XH(9),
1YH(6) 1 ZH(6) sELL(3) yHPP(9) sRR(G) »CAYY(Q) »TIME(2)

LIMENSION DT(2,200)¢T(20200) »SINL(20U) e CUSLL200) e SING(200)
1C0S0(200) » THICK (20U ) 1 NCOAT(200) #NSUBS(200) »COSRS(200) +PHIT(200) »
20AMML200) yNDUTY (200)

DIMENSION ESUN(B) yEEE(Bs82) sRO(8,42) s SPL8s42) , TOINT(41,8)

UIMENSION BUFFER{1V) )

COMMON TRASH FyHTAS» ANGTABsWH ) XHy YHe ZHELL » RPPyRRyCAYYsPLsPIH,y
11wUPLsPIL180 NOF IND»NQORT» IFIRSTINEWSLG

DK051250
DK051260
pDK051270
DKku51280
0K051290
DK051300
DK051310
DK051320
DK051330
DK0O51340
DK051350
DK051360
DK051370
DK051380
DK051390
DKU5B1490
DKUS1410
DKOS1u420
DKO0O51430
DKO51440
pK051450
DKu51460
DKOS1470
pDKoS1u80
DKg51490
DK051500
DKO051510
DK051520
DK051530
DK051540
DKO51550
DKO51560
DKO051570
DKu51580
DKUS1590
UK0S1600
DKg51610

- DKyS51620

DK051630
DKU51640
DKO051650
DK051660
DK0o51670
DKU51680
DKUS1690

"DKO51700

DKU51710

DKO60000
DKU60010
DK060020
DK060030
DK060040
DKGKO050
DKU60060
DKu60070
DKu600890
DK060090
DK060160
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6ul

ur

COMMON KPLNE T+ NORIEN K TEMP s NUMRUN s NGATP o NPRINT » KRFV I NPS0+REV
COMMON A,BsCoAYE,BEE)RPrRNyPEEIELIRICAY BARL IS ALP2»BET2)y GAM2,

1ALPHA2 ¢ BETA2 GAMMAZ y COSA,COSB, COSGy SINB»PHIMAX
COMMON SLGMA)CSIGMA+SSIGMA,TSIGMA

COMMON PHIZ2¢DPHL2/)PHTIZesDPHI»PHI ) CPHL ) SPHI »PHIN2»PHOT2» SUN
COMMON TAIMEZ TARS, TELAPS,ZEIT,TIME,DELTAT» XP ¢ YPIUEE»OPSQrJ1rU2

COMMON EPTPU»EPSLIG2r TMIFTMySAS29 SRASH
COMMON G »RHRUPRHO»CPoEPSLNy ITK KITEK

COMMON GNET rQSAT e QINT» QEXTr QPLAN, QALD, QSUN» QOLD »GNEW, TBREAK

COMMON GAMsPHIC,ALTPALTI»ANGS CTHET»FDFF
COMMON BURFER

COMMON COSLS»SINLS»DT»TeSINLCOSLISINO»COSQOr THICK,NCOAT I NSUBS,

LCOSRS yPHIT » GAMM

COMMON ESUNSIEEE)ROsSP» TAINT s NDUTY » ANLINCL » ASCNOD» ASNLNG¢RGTASC,

1DECLIN
DIMENSION Z(13)
HTAB(1)==1.,E20
HTAB(2)=100.0
HTAB(3)=300.0
ATAB(4)=600.u
HIAB(5)=1000,0
HTAB(6)=3000.0
hTAB(7)=26000,0
RTAB(8)=10000,0
HTAB(9)=20000,0
ANGTAR(1)=0,U
ANGTAB(2)=20.0
ANGTAR(3)=30,0
ANGTAB(4)=40,0
ANGTAR(5)=50.0
ANGTAB(6}=60,0
ANGTAB(7)=70.0
N TAB(8)=80.0
FICTAB(9)S85.0
ArGTAR(1U)=9BU,0
REAJ(S,600) ({F(JrKel)rdz1,10)0K22,9)
REAL (59600 0) (((F(JrKrL) 9 J=1010)9K=2+Y)9L=8,42)
FORMAT (20FL  4)
VO 47 L=2.7
DO 47 K=2+9
L0 47 uz=1010
FAUpKoL)ZF UKy 1)
CUNSTANTS WHICH ARE DEFINED ONLY FIRST TIME AROUND
PIz3,1415927
TWUPIZ6.2831863
PIHE1.5707963
PI180=,017455293
BARLZ4B.89E1Y
ELL(1)=48.89£10
ELi{2)=48.89E10
ELL(3)=255.3E10
ELe{4)=74,81c10
ELL(5)=19,03610
eLL(6)=21475,610
ELLt7)=867.9:10
ELL(8)=941.3E10
ELL{9)=3D.43E10
CAYY(1)=1l41l.t14
CAYY(2)=1.731E14
CAYY(3)=44900,E14

DK060110
DK060120
0K060130
DK060140
DK060150
DK060160
DK060170
DK060180
DK060190
DK060200
DK0602190
DKo60220
DK060230
DK060240
DK060250
DK0O60260
DKO60270
DK0606280
DK060290
DK060300
DKU60310
DKOB0320
DK060330
DKU60340
DK060350
DK060360
DKD60370
DKO60380
DK060390
DKO603L00
DKOBBL10
DKU60420
DKo60U30
DK060G4L0
DKU60450
DKOBOu60
DKO6OLT0
OK360480
DK060490
DKY60500
DK060510
DK 60520
UKQ6U530
DK0AUSYO
UKU609550
DKg6DS60
DKY6US70
VKO6US80
DKP60590
DKO60600
DK060610
DK060620
DKU60630
DKO60640
DK060650
DKD60660
DK060670
DK(60680
DK 060690
VK060700



C *kx%x

14

b4l
C
30
4ub

37
4ub

4uu

Sul

Sv2
Iy

CAYY(4)=15.2UE14L
CAYY(5)=7.66t14
CAYY(R)Z2435.F14
CAYY(T)I=13450,E14
CAYY(B)=S2058.E14
CAYY{(9)T1l14,.8E14
RPr(1)=20.9F0
KPP(21=25.702k6
KPP (3)=229.3L6
KPr(4)=10.87L6
RPF(H5)=8,151t6
RPP{6)=81,.51L6
RPP(7)=188.7c6
KPP (8)=8B3.6C0
RPF(9)=20.,34E6
EARTH ALBEDO CHANGEL APR, 1966 (wWAS5=,39)
KR(1)z,3b
RR(2)=,047
KR(3)=,51
RR(4)=.148
KR{5})=,008
KRiB)=. 62
RRU7)=,50
RR{B8)Z,606
KR(9)=,76
LO 14 J=1,20U
NCUAT (J) =1
NSUBS (U1
NDUTY (J) =1
THICK(J)=,01
SINO(JISULO
L050(J)1=1,0
SINL(J)=ue0
LOsL(J)Z=1,.0
CAMM(J) =900
REAL IN HEADING I[MFORMATION

DK060710 -

DK060720
DK060730
DK0607u0
DK060750
DK060760
DKg60770
DK060780
DK 060790
DK060800
DK060810
DK060820
DK060830
DK060840
DKo60850
DK060860
DK060870
OK060880
DK060890
DK060900
DKp60910
DK060920
DK060930
DK0o609u0
DK060950
DK060960
DK060970
DK060980
DK060990
DK061000
DK061010
DKo61020
DK061030
DK061040
DKY61050
DKg61060

KEAD(S641) (ZH(J) »JZ=1r6) p (YH(J) 9 JZ196) p(XH{Y) pI=199) v (WH(U) »J=1,1DK061070

18)
FORMAT (1386)

REAL CUMMENT CARUDS
READ(So4UD) RKe (L{J)pJ=1,13)
FORMAT (129 13A6)

LF (9=KK) 3793738
WRATEA(EO v 406 (Z{(J) 1J=1013)

FORMAT (/1X13A6)
w0 10 30
RFAD IN 1ABLeS OF MATERIAL PROPERTIES
CONTINUE
HEAD(30,400) KCOAT KSUBS
FORMAT(2i2)

THERE AKE KCOAT COATING TABLES. kSUBS SURSTRALE TABLES
uO 301 Mz1+KCOAT
CALL TABLEAECE(191)919M)
ESUN(M)=EEE{M)u2)
U0 302 M=1,KSUBS
CALL TABLEA(SP(1s1)e0eM)
CALL TABLE(RU(191)20eM)
KETUKN
tND

DK061080
DKp61090

-DK061100

DKo61110
DKg61120
DK061130

DK961140-

DK061150
DKo61160
DKo61170
DK061180
0K061190
DK061200
DKg61210
DKy612260
DK061230
OKg61240
DKp61250
DK961260
DK061270
OKp61280
DK061290
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w2

Yo

Yo

b X

9y

1u0

1ul

FUR DECKT 2 DECKT

SUBROUTINE QIFINU(JSAT» TIMD, TB,QNeGA)

UDIMENSLON TRASH(17)sF(10,9/942),HIAB(Y) yANGTAB(10) »WH{18) ¢ XH(9)
1YH(6) ¢ ZH(E6) +ELL(9) 2 RPP(9) sRR(9) » CAYY(9) » TIME(2)

DIMENSION DT(2,200)27(2,200)»SINL(200) COSLI200),SINO(200),
1C050(200) » THICK (20U) 1 NCOAT(200) »NSUBS(200) »COSRS(200) »PHIT(200) ¢
2GAMM(200) »NDUTY (200)

LIMENSION ESUN(8) yEEE(8e42) sRO(8,42) 2 SP(8242) » TAINT(41,8)

DIMENSION BUFFER(10)

COMMON THRASH»FoHTAB s ANGTABs WH ¢ XH ) YHe ZHPELL RPPRR, CAYY;PI'PIHO
1TWUPI,PI180¢NOFINDyNGORT »IFIRST e NEWSIG

COMMON KPLNET o NORIEN s K TEMP » NUMRUN s NSATP s NPRINT ¢ KREV» NPS50REV

COMMON A,BeCoAYE ,BEEsRP»RNyPEE+ELIRsCAY, BARL.S;ALPZrBETZpGAMZa
1ALPHA2,BETA2» GAMMAZ ¢ COSA,,COSB,COSG»SINB»PHIMAX

COMMON SLIGMA,CSIGMA»SSIGMA, TSIGMA ) )

COMMON PHIZ29DPHLI2sPHIZ»DPHI oPHIyCPHL,SPHY»PHIN2,PHOT2»SUN

COMMON TIMEZ)TABS e TELAPS,ZEIT,, TIMEsDELTAT 1 XP2YP+DEEDPSQrJ1 ¢ u2

COMMON EPTPY,EPSLG2sTMe FTMy SAS2 9 SRASH

COMMON Gy RHRCPyRHOSCPyEPSLNy ITKKITER

COMMON ONET»QSAToQINT GEXT» QPLAN, QALE, QSUN, GOLD r GNEW, TBREAK

COMMON GAMPPHIC, ALT AL TI »ANGS yCTHETHFDsFF

COMMON BUFFER

COMMON COSLS»SINLSsOT»TrSINL»COSLSINOYCOSUO» THICK s NCOAT ¢ NSUBS
LCOSRS,,PHLT » GAMM

COMMON ESUNIEEE »RO»SP» TRINT #NDUTY » ANINCL » ASCNOD» ASNLNGyRGTASC
1DECLIN

DIMENSION AA(6)2AALIG) »P(H)PL1(6)

COMMON AAsAAL»P»P1sIORDERy IORD1» IERROR» THETA»DTMAX»EN1+ENy»FACT,
LYNHAT »ENHATL » EMAG s DERRORyDTTEST

COMMON HSUN» HALB» HPLAN, NODE

UIMENSION HSUNT200) »HALB(200) ,HPLAN(200) NODE(200)

COMMON KETCH

COMMON HASUNsHAALB HAPLN,HATOT

DIMENSION HASUN(200)HAALB(200) »HAPLN(200) »HATOT(200)

COMMON ZAREA

DIMENSION ZAREA(200)

LCOMMON IMTHRU

DIMENSION IMTHRU(200)

COMMON TMHI

NINDUTY (JSAT)

TIUZAMOD(TIML,y PEE)

LFATID) 92992995

JILITI0+PEE

FIND TIME Al START OF INTERVAL
TASTID=ABS{TIME (J1)=TIME (J2))
KZTQINT (419N}
IF TQINT(41)=0s SET QINT=U.
IF TQINT(&41) IS 2.¢ Gorsees USE THIS AS INDEX FOR TESTS

1F (K} 969965

QoLL=0,0

GNEWZQOLUY

NO CHANGE THIS TIMF

IBREAKZT LD

TB=TBREAK

GNZQNEW

QAZQOLD

IFCIMHL -JSAT)1010,101,105

ADVANCE INTEKNAL HEAT TABLE INDEX AFIFR PROCESSING LAST ELEMENT

U0 104 J=1.8

© DKO70000

DK070010
DK070020
DKD70030
DKO70040
DK070050
DK070060
DKO70070
DK070080
DK076090
DKO70100
DKG70110
DKG70120
DK070130
DKG70140
DK070150
DK970160
DK0O70170
DK070180
DK070190
0K070200
DK070210

.DKg70220

DK070230
DK070240
DK070250
DK070260
DKg70270
DK070280
DK070290
DKO70300
DKO70310
DK070320
DK070330
DKO70340

DKO70350
DK070360
DKQ70370
DK070380
DK0O70390
DKO70400
DKO70410
DKO70420
DKO70430D
DKO70440
DKO70450
DKO70460
OKO70470
DKO70u480
DKO70490
DKO70500
DK070510
DK070520
DKO70530

‘OKDT70540

0KQ70550
DK070560
DKg7g957¢0
DK070580



1y2
103

104
1ub

NZTQINT{41sJ)

1F(N) 104,104,102

IF(TQINT (N, J)=TIU) 103104104

TOINT(41rJI=TQINT (41, J)+2.0
NZTQINT (41 J)

0 TO 102

CONRT INUE

KETURN

LFATID=TQINTI(KsN]) €167

GOLD=TQINT (K=1,N)

00 TO 97

TBREAK=TQINT(KN)

QINT CHANGES THIS TIMe

GOLDZTQAINTAK=1,N)

GNEWSTQINT (K+1sN)

LF(K=38) 98:,8,8

RoK+2

IFATID~TQINT(KeN)) 99,999,991

MORE THAN ONE CHANGE THIS INTERVAL
FIND AVERAGE QOLD

QOLDZONEW* (TUINT(KyN)=TQINT (K=20¢nN) ) +QOLD*x (TAINT (K=2,N)=TA)

GNEWSTQINT (K+12N)

00 TO 71

TQINT (40,NI=100000000,0

@0 TO 99

END

FUR DECHhB¢DECKS

SUBROUTINE TALLY (NeNDyNQ)

DIMENSION TRASH{L17) sF(L10,9+U42) o HTIAB(Y) pANGTAB(10) ,wH(18) 1 XH(9)
TYHUH) s ZH(B) 2 ELL(Y) s RPP (D) yRR(9) s CAYY(OQ) s TIME(2)

LIMENSLON DT(25200) ¢ T(20200)SINL(200) 2 COSL(200)¢SINO(200) .
10050 (200) s THICK (20U ) #»NCOAT(200) e NSURS(200) + COSRS(200) »PHIT(200) »
26AMM(200) » NDUTY (200)

UIMENSION ESUN(8) »LEE(Br42) sRO(ByU2) 1 SP(8,42),TOINT (41,8}

UIMENSION BUFFER(2)

COMMON TRASH)FoHTAB) ANGTAB y WH XH, YHo £HoELL ¢RPP )RR, CAYY s PLoPIHy
LTWUPL»PLIRO I NOF IND» NQORT » IFIRST NEWS L6

COMMON KFPLNE | f NOKIEN» K TEMP s NUMRUN ¢ NSATP ¢ NPRINT s KRFV o NPS50 e REV

COMMON ApBsCoAYF yBEEIRPIRNYPEE9ELIRsCAY»BARL S, ALP2BF T2+ GAM2,
LALPHA? yBETA2 » GAMMAZ ¢ COSA» COSB ) COSG»SaNB s PHIMAX

COMMUN S1GMA,CSIGMA»SSIGMA, TSIGMA

COMMON PHIZ2/)DPHL2 ¢ PHIZeDPHI ¢ XHI » CPHL»SPHI»PHIN2 ¢ PHOTZ » SUN

COMMON TAMEZ , TABS» fELAPSyZEIT yTIME»DEL TAT» XP o YPoUFE»DPSQeJ1vJ2

COMMON EPTPUEPSLIG2e TMeFTMy SAS2 e SRASH

COMMON G s RHRLP»RHO» CPoEPSLNs LITKsKITFR

COMMON ONET puSAT s QINTy GEXT 2 OPLAN, QALB » QSUN QOLD » GNEWy TBREAK

COMMON GAMyPHIC»ALT»ALTI» ANGS,y CTHET»FDFF

COMMON PRIlsFHI2»1516,FUDGE» TPLyJUDGE ,,BUFFERyRY ¢ NL INE

COMMUN COSLSrSINLS UT, TrSINL,COSLeSINO»COSO» THICK, NCOAT » NSURS
1LLOSRS yPHLT »GAMM

©LOMMON ESUNcEE»ROpSPy TOINT »NDUTY » ANINCL » ASCNOU » ASNLNG 9 RGTASC e

10ECLLN

LIMENSION AA(6)»AALI6)1PI6)1P1(6)

COMMON ARPAAL PP Ly TORDER s TORDL» LERRUR s THETA P DIMAX»ENTpENSFACT,
1YNHAT PENHATL EMAG P DERROR,DTTEST

COMMON HSUNHALR yHPLAN» NODE .

DIMENSION HSUN(200) »HALB(200) yHPLAN(200) »NOUE (200)

COMMON KeTCH

NCENQ+Y

LFAND)Y 99,8

DK070590
DKO70600
DKO70616
DK070620
DK070630
DKO70640
DKQ70650
DK070660
DKO70670
DK0O70680
DK970690
DK0707060
DKO7G710
DK70720
DKO70730
DKO70740
DKQ70750
£K070760
DKD70770
0KD70780
DK070790
DKO70800
DK070810
DK070820
DK0O70830
DKO70840
DK0B0000
LKUB0010
DK 080020
0K080030
DK080040
DK080050
DKDB0060
DK080O70
DKOBOOB0
DK080090
DKOBO10D
DK0B0110
DK0B0120
DKORO130
DK080140
DK080150
DKUBO160
0K080170
DK080180
DK080190
UK080200
LK080210
DKOB80220
UK080230
DKY80240
DKUBO250
DK080260
DK089270
DK080280
0K080290
DK0B0300
DKGRO310
LKO80320

.DK0B80330
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IF ND IS NEGATIVE,START NEw PAGE DK0380340

9 N=1 DK080350
90 GO TO (192¢394+596) 2 NC DK0B80360

1 WRITE (6,700) DKu80370
G0 70 20 DK0OB0380

2 WRITE (6,7011) . DK080390
Tull FORMAT(1HL 33Xy 22HINCIDENT(BTU/HR=FT%%2)//) DXo80u00
WRITE (6,701) DK0O80410

60 TO 20 oKOB0420

3 WRITE (6,702} DKp80u430
60 TO 20 DK0804u0

4 wRITE (6,7033) OKO80us50
TU33 FORMAT (1H1923X9 22HINCIDENT (BTU/HR=FT%%2)//) DKQ80ue0
WRITE (6,703) PDKo80470

G0 T0 20 OK080480
KETCH COMES FROM SUBROUTINE TINPUT. WHEN KETCH =0 » wF HAVE DKy8ou9o

NO AREA INPUT DK0806500

S5 IF(KETCH)51:52,51 DKO80510

51 WRLITE (6+53) UK080520
53 FORKMAT (1H1 24Xy 22HINCIUENT (RTU/HR=FT*%2),27X16HABSORBED (BTU/HR) 7/ )UKOROS30
60 TO 55 DK0OBOSu0

52 WRITE (6+54) DKQ80550
54 FORMAT(1H1 924X 22HINCIDENT(BRTU/HR=FT*#%2) 23X22HABSORBED(BTU/HR=-FTxDK0)80560
1%23//) DKYB80OS70

55 WRITE (6/,705) DK080580
60 T0 20 DK080590

6 IF{KETCHIBlr02061L DK080600

61 WRLTE (6+63) DKOAGB1L0
63 FORMAT (1H1 34Xy 22HINCIVENT (BTU/HR=FETx%2) 27 X16HABSURBED (BTU/HR) //)YUK080620
60 TO 65 DKOR0630

62 wRITE (6,64) DK080640
64 FORMAT(1r1s34uXp22HINCIDENT (BTU/HR=FT%*%2) ¢ 23X22HABSORBFD(BTU/HR=FTxDKYB0650
1*2)/7) DKpBO660

65 WRLTE (6+,706) UKo80670
@0 TO 20 DKQ80680

8 NZNHND DKDBU690
IF(N=56) 20,20+1u DK0U80700

IF NU CAUSES LINE COUNT TO EXCEEU 57, START NFw PAGE DKO80710

iu NZinD DKQ80720
&0 T0 99 DKO8U730

7Tu0 FORMAT(6H1 PHISX4NTIMEZX28HTEMPERATURPE AND/OR HEAT FLUX) DKOBO740
7ul  FORMAT (6H PHISX4MTIME2X11IHTEMPERATURE4 XAHUSOLARIX7HOALBEDO3X7HOPDKDB0750
ILANET) DK080760

72 FORMAT(6H1 PHISBX4HTIME2XLIHTEMPLRATURE) DKORO770
7Tu3  FORMAT(6h PHISX4ATIME7X6HOSOLAKIX7HOALBFDO3X 7THAPLANFT) DK 080780
705 FOKMAT( oH PHISBX4HT IME7X6HQSOLAR3Xy LKOB0T790
17HWALBEDUIXTHOPLANET1S5X6HASOLARIXTHRALBEDOIX7THAPLANETUX6HQTOTAL ) DKOBROB(QO

106 FORMAT ( oH PHISX4HTIMF2X1LIHTEMPERATUDK 080810
IREuX6HASOLARSIX7HQALBENO3X THOPLANET 1S X6HOSOLARZIXTHQALBEDO3IX7THOPLANFDKB0820
214X6HETOTAL ) DKUBOR30

2u hETURNM OKp80840
eNu DKO8y850

FUR DECKD»DECKY DKE90000
SUBROUTINE LOCUS UK090010
DIMENSION TRASH{LT7}oF(10,9,U42) ,HTADB(Y) JANGTAB(10),wH{18) ¢ XH(9), DKQ90020
1YH(B) » ZH(B) 2 LLAY) o RPP{9) yRR(9) 2 LAYY (D) + TIME(2) DK9g030
UIMENSION DT(2/9200)»T(20200)»SINL(20U) »CUSL(200)¢SINO(200) 0KQ9gny0

1L0S0(200) » THICK (200) »NCOAT (200) »NSUBS (2001 » COSRS(200) »PHIT(200), DK090050



1

2ul
2u2

2ub
2u8

2v1

282

26AMM(20
DIMENST
COMMON
1TWOPL,P
COMMON
COMMON
1ALPHAZ,
COMMON
COMMON
COMMON
COmMMON
COMMON
COMMON
COMMON
COMMON
COMMON
LCOSRSP
COMMON
1UECLIN
DIMENSI
COmMMON
1YNHATSE
COMMON
UIMENSI

PHIHZ0,
PHIR=PH
TPHIH=S
ATP= (A=
EE=ATAN
IF(EE)

EESEE+T
SINEE=S
TELAPS=
XP=COS(
YP=SINE

UPSQ=XP
UEEZSOR
FD=1,0=
CTHET=(
TPL=TH
IF(KTEM
LF(CTHE
TPL=TUx*
IF(TPL
TPL =TM
AL I=DE
(PHI=CO
SPHI=SI
IF
1F (NORL
SINLS=S
COsk.s==
ANGS=AR
ALT=344
1F (NORI
CFLS=1.
SFLS=0,.
FLSC=CV

o) DK090060
Ot ESUN(B) »EEE(B,U42) sRO(B,42),5P{8,42), TOINT(41,8) 0K090070
TRASHyFoHIABr ANGTAByWHy XM, YHs ZHsELL yRPPyRR)CAYYIPI»PIH, DK090080
11809 NOFINDsNQORTy IFIRSToNEWSAG DKg99090
KPLNETy NORIEN KTEMP » NUMRUNs NSATP o NPRINT s KREV o NPS0)REV DK090100
AsBrCrAYE ,BEEsRPIRNyPEE»EL IRy CAY 2 BARL» Sy ALP2yBF T2y GAM2, DK090110
BETA2»GAMMAZ2»COSA, COSB,» COSGySINB o PHIMAX DKp%0120
SLiGMA,CSIGMA»SSIGMA,TSIGMA DK090130
PHIZ2yDPHL2¢PHIZ»DPHIyPHI,,CPHL,»SPHI ¢+ PHIN2»PHOT29» SUN 0K090140
TIMEZyTABSy TELAPS»ZEIT s TIME,DELTAT» XPr YPsUEE,UPSQrJ1,4d2 DK090150
EPTPUEPSLIG2, TMrFTMy SAS29»SRASH DK090160
GoRHRUP yRHO s CPyEPSLNs LTKyKITEK DKg90170
ANET e QSAT 1 QINT» QEXT»QPL AN, QALE, QSUN, GOLD»GNEW, TBREAK DK090180
GAMIPHIC,ALTrALTI ) ANGS 1 CTHET#FDoFF DK090190
PH11»PHIZ2» 1S1GyFUDGE» T » JUDGE » TPL s BUFFERPRY o NLINE DK090200
COSLS»SINLS»DTo TeSINLCOSL»SINO,COSU» THICK ¢ NCOAT ¢ NSUBS, 0Kg90210
HIT»GAMM DKg90220
ESUN(EEE yRO»SP» TRINT»NDUTY r ANENCL » ASCNOD ¢ ASNLNG s RGTASCy DKy90230
’ DKg90240

ON AA(E)IAAL(B) P P(6)1PLI6) DK90250
ARAsAALyPyP1sIORDER» IORD1» IERRUR» THETAIDTMAX2ENLsENsFACT, 0K090260
NHATL P EMAG Y UERROR,DTTEST DKg90270
HSUN»HALB» HPLAN» NODE DK099280
ON HSUN(2u0) »HALB(200) yHPLAN(200) yNODE (200) DKY90290
FINU TIME AS A FUNCTION OF PHI., ALSO FIND X AND Y DK0920300
5xPI1180%PHI DK396310
IH+PHIH DK090320
IN(PHIH) /COS (PHIH) UK090330
C)I*TPHIH/B OK0Q0340
(AIP)I%2.0 DK090350
898¢9 DK090360
wouPI DKU90370
INGEE) DK0903380
RN* (E~CxSINEE/A) DK(090390
EEC ) *A -C bKo90400
ExB8 DK090410
FIND USEFUL GQUANTITIES DEPENDING ONLY ON SATELLITE LOCATIONDKQIQU20
*XP+YFxYP DKg90430
T (OPSw) DKO90u4y0
SURT(1,0~RP/DPSQ*RP) DKQ90us50
XP*COSA+YP*COSG) /DEE DKQ90460
DKg90u70

P1208,208,201 UKQ30480
T)205,205,2u2 0Ky90u90
SURT(SORT (4 ,0%CTHET)) DK0990S00
~iM) 205,208,208 0K090510
DK090520

E=KHP DK09053n
S(PHIK) DK090540
N(PHIK) 0K090550
SATELLITE iS5 ORIENTEUD, FIND PRIC,COSRS,»SIN AND COS LAMDA  DK09056e0
EN) 281+3,281 DKQ90570
PHI*CSIGMA=CPHI*SSIGMA DK090580
SPHI*SSTIGMA=-CPHIXCSIGMA DKu905%90
COS(CTIHET) - DK090600
1. 0%ALTI/RP DK090610
EN) 283,283,282 DK090620
0 DK090630
0 DK0O90640
SLS DK090650

153



154

283

2831
2032

20838

204

285
2850

266
2861
2062
2087

Yo
v

FLSSESINLS

60 TO 2831

CFLS=COSLS

SFLS=SINLS

FLSC=1.0

FLSS=0,0

DO 287 K=1sNSATP

LF(NORIEN) 2832,2838,2838
COSE=COSLS*COSL (K)=SINLS*SINL (K)
GAMM{K) ZARCOS (COSE)
KNUM=COSL (K ) xSFLS+SINL (K) *CFLS
DENS ({STNBX*SINLS) *x*k2+COSE*%2) % (COSO(K) % ¥ 2+RNUMx*2)
RNUM=SINLS*S I NBXRNUM+COSB*COSO0 (K)
COSX=RNUM/SGRT (DEN)

IF(COSX=1,0) 285,284,284
PHLIT(K)=0,0

GO T0 2861

LF(COSX+1.0) 285uUr2850,286
FHLIT(K)=180,0

60 TO 2861

PHLIT(K)ZARCOS(COSX)

1F(NORIEN) 267+287+2862
COSRS{K)SSTNB* { COSL (K} *FLSC+SINL (K)*FLSS) +COSB*COSO(K)
CONT INUE
TABSSTELAPS=1IMEZ+(RV=1.0)*PEE

IF (TABS) 98,98,99

TABS=TABS+PEL

RETURN

ENL

FOR DECK10,DECKLO

SUBROUTINE TEMPEK (USAT)

DIMENSLION TRASH(17)9F(10+9)42) e HTAB(Y) s ANGTAB(10) yWH(18) 9 XH(9)»
AYH(B) 1 ZH(E) v ELL () yRPP(I) yRR(9) v CAYY (S) » TIME(2)

DIMENSION DT(2,200)¢T(2+,200)»SINL(200) 9CUSL(200)»SINOL20U),
1C0S04200) » THACK (20U) » NCOAT (2U0) » NSUBS(200) »COSRS(200) 1 PHIT(200)
20AMM{200) »NDUTY (20U)

DIMENSION ESUN{B) »EEE(8r42) sRO(B,42)2SP{B8r42) » TOINT(4108)

LIMENSION BUFFER(8)

COMMON TRASH»FoHTAD s ANGTARsWH ) XHrYHs £H 2 ELL yRPPyRRyCAYY 1 PLyPIHy
1TWURPIsPL1AONOFINDy NQOKT» IFIRST ¢ NEWSLG

COMMON KPLNET o NOKIENy K TEMP » NUMRUNY NSATP » NPRINT s KRFV o NPSO9REV

COMMON AyBrCrAYF ;BEE)RPrRNYPEE »EL+RrCAYIBARL» Sy ALP2ysF T2+ GAMZ,
1ALPHA2/,BETA2 » GAMMAZ» COSA COSB,COSG, SINB rPHLIMAX

COMMON SLGMA)CSIGMA»SSIGMA,TSIGMA

COMMON PHEZ2,)DPHL2¢PHIZ»DPHI»PHI»CPHL o SPHI»PHINZ2»PHOT2» SUN

COMMON - TIMEZ, TABS» TELAPS»ZEIT , TIME s DELTAT e XP o YP 1 DEE»DPSQeJ1rd2

COMMON EPTPLU,EPSLIG2y TMFTMy SAS2 SRASH

COMMON GyRHRCPsRHOCPPEPSLN, ITKIKITEK

COMMON QINET s WSAT QINT » GEXT » QPLAN, QALE , QSUN QUL D » ONEW TBREAK

COMMON GAM»PHIC)ALTvALTI»ANGS,,CTHET »FDFF

COMMON PHL1»PHI2»BUFFER

COMMON COSLSySINLS DT o ToSINLCOSLrSINOICOSU»r THICK,NCOAT »NSUBS,
1COSRS P PHLT » GAMM .

COMMON ESUNILEE,ROrSPy» TOINT»NDUTY» ANINCL » ASCNOD » ASNLNGYRGTASC
1VECLIN

DIMENSION AA(R) 2 AALLD) 1P (6),P1(6)

COMMON AAsAALyP P19 IORDER,IORD1 ¢ LERRURs THE TA)DTMAX ENI+ENsFACT,
1YNHAT s ENHATL» EMAG 2 UERROR» DTTEST

DK090660
DK090670
DK090680
DKG90690
DK090700
DKD90710
DKO90720
DKQ90730
DK090740
DK090750
DK090760
DKQ90770
DK090780
DKy90790
DK090800
DKG90810
DK090820
DK090830
0K390840
DK090850
DKU90860
DKO90870
DKp90880
DK090890
DK090900
DKU90910
OK090920
0DK090930
DK 90940

DK100000
DK100010
DK100020
DK100030
DK100040
UK100050
DK100060
0K100070
UK100080
0K100090
DK100100
DKi00110
0K100120
UK100130
DK100140
DK100150
DK100160
DK100170
DKjp00180
DK100190
LK100200
oKi00210
0K100220
0K100230
DK100240
DK100250
DK100260
DK100270
DK100280



ou

C *%*%x THE FOLLOWING CARU WAS ADDED 2/4/6%5 AT THE REQUEST OF MRY #kkxk

bd

5u

b1

oe

1vo
1vl

6ul

3u

b
11

UEUSAT

DELTAT=TIME (U2)=TIME(JL)
TImEl = TIME(JL)
RORDZ=DTMAX*%10ROER

CALL HEAT ()

NEw LOGIC

IFLAG = 1

IF (QOLD=QNEW) 60,5060
QINT = QULD
TLEFT=TIME(J2) =THBREAK

TLEFTSAMOU(TLEFTPEE)
DELTAT=DELTAT=TLEF
UELTAT=AMOD(DELTAT»PEE)

1FLAG = 2
60 70 51
1FLAG = )

TIMEL = TIME)L + UELTAT
DELTAT = 1LEFT
UVELTAT=AMOO(DELTAT » PEE)
Tlulyd) = TEMP

GINT = ONEW

bEGIN OLL LOGIC
TEMP=T(Jla )

Clu=10.0

W2SSORTLQNET+QINT)

QUSQRT (u2)
PFzzSQRT(=0,5%EPS1u2)
PF4z=SQRT(PF2)

UT1=C10/ (RHRCP* (WNETHQINT40  SxEPSTG2 R TEMPx%x4 ) )
OTL=ABRS(DT1)

UTe=1,0/ ((Q2+PF2xTEMPx*2) % (Q4+PF4*TFMP) )
DTIEST=AMINL(DT1,D(2)
LF(DTTEST1)52,52:53
UTIEST=.0000L%PEL
1STEPS=DELTAT /DTIEST4,999
LFUISTEPS)I10U»1009101
LST1EPS=L

STEPS=ISTEPS
STEP=DELTAT/STEPS
THETASSTEFP/DIMAX

TEMP=T (J1sJ)

TImE2 = 1IMEY

U0 3u 1 = 1.1STEPS

PO .= PHIFN(TLIMER2,TEMP,STEP)
TEMP=TEMP+STEP*FY

GO TO (19193),IERRUR

CALL FRRUR(STEF,FO)
ENL=EN*HURD

DEKROR= (EN=-EMAG) xHURD
EMAGZEN

WRITE (6+601)EN1,DERROR» TEMP
FORMAT(SHOENLIZ1PE14,7¢5H DEZFIU4,7¢7H TEMPZE14,7)
CONTINUE

TIME2 = (IMEZ + STepP

NEw LOGIC

GO TO (62:61),IFLAG

BEGIN OLL LOGIC

T(u2eJ) = TEMP

RETURN

DK100290
DK100300
DK100310
DK100320
DK100330
DK100340
DK100350
DK100360
DK100370
DK100380
DK100399
DK100400
DK100410
DK100420
DK100430
DK100440
DK100450
DK100460
DK100470
DK 100480
DK100490
DK100500
DK100510
DK100520
DK100530
DK100540
DK100550
DK100560
DK100570
DK100580
DK100590
DK100600
DK100610
DK100620
DK100630
DK100640
DK100650
DK100660
DK100670
DK100680
DK100690

DK100700-

DK100710
OK100720
DK100730
DK100740
DK100750

- DK100760

DK100770
DK100780

DK100790 .

DK100800
0K100810
DK100820
DK100830
DK100840
DK100850
DK100860
DK100870
DK100880

155



8U

141
12

156

END

FOR DECK11,UECKL]

SUBROUTINE INIT

UIMENSLON TRASH(L7)vF(10,9,42) yHTAB(Y) yANGTAB(10) pwH(1B) s XH(9)»
1YH(6) pZH 6D »ELLA{Y} 1 RPP(9) s RRIG) ¢ CAYY (D) » TIME(2)

LIMENSION DT(2,200)»T(2,200),SINL{200) 2COSL(200) ¢ SINO(200)
1C050(200) » THECK(200) v NCOAT(200) #NSUBS(200) »COSRS(200) +PHIT(200)
26AMM(200) $NDUTY{(200)

DIMENSION ESUN(8) rEEE(Br42) rRO(ByU2)1SP(8942) »TOGINT(41,8)

DIMENSION BUFFER{6)

COMMON TRASHFrHTAB» ANGTABrWH,y XH)y YHo ZHoELL o RPPyRRH,CAYY»PIoPIH,
1TWOP1,PI1B0)NOFIND s NQORT, IFIRSTyNEWSLG

COMMON KPLNET g NORIENs K TEMP o NUMRUN» NSATP s NPRINT »KREVeNPHO s REV

COMMON AyBrCrAYE,BEEIRPIRNVPEEIELIRrCAY BARL» Sy ALPR/BET29GAM2,
TALPHA2 ,BETA2,GAMMAZ 1 COSA,COSB,COSG,SINB)PHIMAX

COMMON S1GMA,CSTIGMAPSSIGMAY TSIGMA

COMMON PHIZ2yDPHL2)PHIZ»DPHI»PHI» CPHL»SPHIWFHIN2» PHOT2»SUN

COMMON TLMEZ ) TABS» TELAPSZEIT,,TIMEDELTAT» XP e YPWDEE,DPSQyJ19J2

COMMON ERTPU4,EPSIG29TMeFTM) SAS2»SRASH

COMMON G RHRULP s RHO»CPyEPSLN» JTK e KITEK

COMMON GNETsuSAT»QINT)QEXT»QPLAN, QALB,QSUN QOLD»ONEW, TBREAK

COMMON GAM»PHIC»ALT+ALTI ) ANGS,CTHE (2D FF

COMMON PHIL1 PHI2»HUFFER,RVoNLINE

COMMON COSLSSINLS,UT» TeSINL»COSLeSING»COSO» THICK ,NCOAT s NSUBS
1COSRS s PHLT » GAMM

COMMON ESUNEEE»ROPSPy TAINTINDUTY

DETERMINE REFERENCE TIME

FHiZPHIZZ2

RVZ1l.0

CALL LuCus

TIMEZ=TIMEZ+TABS

LF {SUN=2,0) 89,8uUr30

FHIN2==10.0

PHUT2zZ=10.0

G0 O 10U

LF{NOFIND) S0s90,92

SET UP SUN=SHADE TESTS FOKR FIRST ORBIT

1F (PHI1) 1lezs2

FHI1SPHIL+TWUPI

1F (PHI2) 3e4s4

PHI2SPHIZ+TWUPI

LIFZPHL1=-PHIZ

IF (ABS(DIF)=PI) 8)815

IF (DIF) 60999

PHL23PHIZ=TWOPI

INTERCHANGE PHI1 AND PHIZ2

RUBZPHI1

PH11=PHIZ

PH12=ZRUR

@0 10 10

AF (DIF) 10¢10.7

PHi1=PHI1-TWOPI

11=PHI1=-PHIZ

12zPHI2=-PHIZ

IF (T1) 11,11,13

IF (12} 1201297

T1=T14TWOPI

122724+ TwWOPL

DK100890

DK110000
DK110010
0K110020
DK110030
DK110040
DK110050
DK110060
DK110070
DKi10080
DK110090
DK110100
DK110110
DKi1g0120
DK110130
DK110140
DK110150
0K110160
DK11Q170
OK110180
DK110190
DK110200
DK110210
DK110220
DK110230
DK110240
DK110250
DK1190260
0K110270
DK119280
DK110290
DK110300
DK110310
DK119320
DK110330
DK110340
DK110350

" DK110360

DK110370
UK110380
DK110390
DK110400
DK110410
DK110420
DK110430
DK110440
DK110450
DK110460
DK110u70
DK110480
DK110u490
UK110500
DK110S10
DK110520
DK110530
DK110540
DK110550
DK110560



¢

19
14

97

v
9Y

1u0
9l

93

IF {T1) 14014,13
iF (T2) 97+97,98
IF (T2) 98+96,97

ORBIT BLGINS IN SHAUE
Sun=u.0
50 TO 99

ORBLT BREGINS IN SUN
SUN=1.0 '
PHL1I=PHIZ+T]
FHI2ZPHIZ4T2
PHIN2=PHLI1/P1180
PHOT2=PH[2/P1180
RETURN
SUNZ1 .U
AF{(PHOT2=-PHIZ2)V*{PHIZ2-PHIN2))} 100,1060,93
SUm=0.0
©0 10 10u
ENy

FOUR VECK12UELKL?

SUBROUTINE FIND

LIMENSION XU3)eYL3)oU(u) VG

EQUIVALENCE (X (1) s TRASH(L1) ) o (Y (1) TRASH(L) ) (U(1)» TRASH(T))
FQUIVALENCE(V{1) s TRASH(11))» (CLs TRASH(15) ), (C2, TRASH(16))
EQUIVALENCE (L3 » TRASH(17))

LIMENSION TRASH(L7)oF(10,9,42) HTAB(Y) »ANGTAB(10) pwH{18) o+ XH(9)»
IYH(O) 1 ZHIB) el L{Y) s KPP (D) yRR(9) » CAYY (O} » TIME(2)
UIMENSION DT(29200) ¢ T(29200) 2 SINL(200) 2 COSLI200)9SINO(200),
1C050(200) » THICK (20U) »NCOAT (2U00) » NSUBS (200) » COSKRS(200) »PHIT (20010 »
20AMM(200) ¢+ NDUTY (20U)

LIMENSION ESUN(R) ycEE(8o42) yRO(BIU2) 1 SP(BrU2) s TQINT(4108)
DIMENSL{ON BUFFER(8)

COMMON TRASHF oy HIABs ANGTAB s WH e XHy YHe £H9ELL yRPPYRRyCAYY»PLyPIH,
1TWUPLyP1L80»nOF INUYNQORT» IFIRSTeNEWSLG

COMMON KPLNE | g NORIEN K TEMP » NUMRUN ) NSATP » NPRINT 9y KREV e NPHO»REV
COMMON ApBrCrAYF)HeE s REPRNYPEEPEL PRy CAY s BARLY S ALP2oBFT29GAM2,
LALPHA2»BETA2 s GAMMAZ » COSA ¢ COSBr COSG SINBePHIMAX

COMMON SLGMA,CSTUMA»SSIGMA,TSIGMA

COMMON PHLIZ2,DPHL2yPHIZsDPHI yPHI » CPHL, SPRHT pPHINZ » PHOT2 » SUN
COMMON TAMEZ» TABS s TELAPS»Z7ETIT»TIME»DE) TAT e XPo YR UFE»DPSOr J1l v J?
COMMON EPTPL  EPSLG2y TMeFTM,SAS2 s SRASH

COMMON GoRHRUP s RHO s CPyEPSLN, LTKyKITER

COMMON QNET »WSATyQANT»QEXT o QPLAN, QALE » QSUN» QUL D» UNEW,, TBREAK
COMMON GAMyPHICy AL 2 ALTI 9 ANGS s CTHE T o FDWFF

COMMON PHL1,FHI2yBUFFEK

COMMON COSLS»SINLS DT »TrSINLyCOSL2SINO»CUSO»THICK yNCOAT I NSUBS,
1COSRSPPHLT » GAMM

COMMON ESUNp L ER » RO Sy TAINT pNNUTY

LIMENSION KC(u)

FHL1==10U00

FHL2==10U0.0

Prhli AND PHI2 =-~1y00 wILL SHOwWw THAT NO SUN=SHADE POLINTS WERE FOUND

XS51=U.0

XS2z0..0

YSiz0.U

YSe=ua.

SINSOGZSSLGMA

COSHLTUS LGMA
LFAABSICUSE)=,01) 202912

DK110570
0K110680
DK110590
DK110600
DK110610
DK110620
DK110630
DK110640
DK110650
DK110660
0K110670
DK110680
DK110690
OK11G6700
DK110710
DK110720
DK110730
DK110740

DK120000
DK120010
DK120020
DK120030
LUK120040
UK120050
DK120060
DK120070
bKi20080
DK120090
DK120100
OK120110
DK120120
DK120130
OKi20140
DK120150
0K120160
DK120170
DK120180
UK120190

0K 120290

DK120210
DK120220
DK120230
DK120240
DK120250
DK120260
DK120270
DK120280
0K120290
LK120300
DK120310
DK 120320
UK120330
DK120340
DK120350
DK120360
UK120370
DK120380
DK120390
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158

380

381

dou
385
386

8y
3907

410

42

43

x

Su
CALL BETAY
@0 10 99

D2=C2x%A
U1=C1l*A*A
L=C/A
D31=C3=-D1
DT(1,1)=C3
LS=D2*D2
DUZC3=-1.0
A4=D31*Ds51
A3=2,0%Dx
A2=DxDx (DT
A1=D*DT(1¢
AQ= (DU=-D=L

CALL QUART
KR=0
SSHA1=0,.U
SSHA2=0.Y
JuC=1
DO 375 J=1
LF (ABS(V(J
KClJC)I=y
JC=JC+1
CONT INUE
IF(JC=3) 4
TwO REA
KK=2
60 10 39
FOUR RE
U0 385 K=i
KP=K+1
L@ 384 J=K
UIF=ABS (U
IF(DIF) 38
PUT rE

NZd=K
RUB=U (N)
CRASH=ZV (N)
uln) =)
VINIZV(J)
Ulul=RUR
VIJ)}=CRASH
0 TO 380
CONTINUE
CONT INUE
KKZ4

FinN
N=3%
KZKC ()
CALL WYE (U
S5=P1=-SI6M

IF (COS{SS)
IF(KR) b
FIRST

SSHALZSS

g 1S IN URBITAL PLANE

SUN 1S NOT IN ORBITAL PLANE

+C3

+DS
DT(1,1)%031+0%)
(1p1)%(DT(15,1)4D31)+05)=2,0*DUxDI31=DS
1)#(DxyxUT(191)=2,U%DU)
*Co )%k

CALL ROUTINE TO FACTOR QUARTIC
(A4 A3y A20AL»AD)

4
))=o,10u) 37193759375

9,576 380
L KOOTS»PUT THEM FIRST AND SECUND

AL ‘ROOTSs LOUK FOR A& REePEATIED ROOT
2

Poey

J)=U(K))=,001

Ly 5A4, 384

PEATED RUOTS TOGETHFRes FIRST OR LAST PAIR
TO0 AVOiD TROUBLE IN GEITING COKRESPONDING Y

D vALUeS OF Y CORRESPONDING TO FACH REAL X

(11»K»Y12P1yNP)
A
IS PHL A SUPERFLUOUS KOUT
} 42,6ur00
u3,uy
SUn—=SHADE CHANGE PUINT

DK120400
pK120410
DK120420
DK120430
DK120440
0K120450
DK120460
DK120470
DK120480
DK120490
DK120500
0K120510
0K120520
DK120530
0K120540
DK120550
DK120560
0K120570
DK120580
DK120590
DK120600
DK120610
DK120620
DK120630
DK120640
DK120650
DK120660
DK120670
DK120680
pK120690
DK1207060
DK120710
DK120720
0K120730
DK120740
DK120750
DK120760
DK120770
pK120780
DK120790
DK120R00
DK120810
DK120820
DK120830
DK120840
0K120850
DK120860
DK120870
DK120880
DK 120890
DK1209060
DK120910
DK120920
DK120930
DK 120940
UK120950
UK 120960
DK120970
DK120980
DK120990



4y

4
6u

bi

TV

9y

2u86

250

94

99

PH11=P1
XS1=U(K) *A
YS1=Y1%A
KR=1
GO0 70 60

SECOND SUN=SHADE CHANGE POINT
SSHA2=SS
PH1Z2ZP1
XS25U(K) *A
YS2=Y1%A
KR=2
G0 TO 99

IF X IS A REPEATED ROO7J USE + AND = Y VALUES

LF(NP) TU.70r61
NP=0
JoJ+l
P1=-P1
Yiz==-Y1
60 TO 410
JEJ+1
IF(U=KK) 3907»39y7,99
RETURN
END

FOR DECK13»UECK13
SUBKOUTINE SUNOR(SL2CL#SOCOrSBr(B»CL,GM,NQ)
COSLPZSOXCL
SINLP=SO*SL
IF (NO) 250+99,205
GMZARCOS (COSLP)

60 TO0 80

CD=CUSLP
COSLPESBXCD=CR*CY
CO=COxSB+CB%*CD
CL=COSLP

SLESINLP

KE TURN

END

FOUR DECKiU,UECKLY

SUBROUTINE BETA9Y

DIMENSION TRASHIL7)oF(1099,42)yHTAB(9) » ANGTAB(10) yWwH(18) e XH(9)
1YH(6E) 2 ZH(B) s ELL (D) pRPP (9} sRR(D) v CAYY (D) »TIME(2) )
TUIMENSION DT42,200)»T(29200)sSINL(20U) »COSLI200) ¢ SLINOL200) )
10050(200) »THICK (200) »NCOAT(200) +NSUBS(200) »COSKS(200) »PHIT(200)
26AMM(200) o NDUTY (20uU)

DIMENSION ESUN(B) »EEE(8242) sRO(B)U2) v SP (8242} TRINT(41+8)
UVIMENSION BUFFER(8)

COMMON TRASH»F o HTAS» ANGTAB»WH» XHe YHo LH2ELL yRPP,RRyCAYY P PIH,
1TWUPLPI1BD s NOFINDeNQORT » IFIRST»NEWSLG

COMMON KPLNET ¢ NORIEN KTEMP » NUMRUNs NSATP o NPRINT s KREV »NPSO 2 REV
COMMON AsHoCoAYE ,BEE »RPIRN(PLE EL sy CAY BARL 1S, ALPZ,8ET2,6AM2,
1ALPHA2,,BETA2 2 GAMMAZ » COSA »COSB»COSCrSINB e PHIMAX

COMMON SIGMA,CSIOMAPSSIGMA,TSIGMA

COMMON PH1Z2/9DPHLI2+PHIZ s DPHI»PHIyCPHL,,SPHI1»PHIN2»PHOT2» SUN
COMMON TUIMEZ»TABS» JELAPS»ZEIT»TIME+DELTAT o XPeYP/DEE»DPSQr»J1rJ2
COMMON EPTPU,EPSLGZy TMyFTM, SAS2» SRASH

COMMON G o RHRUPyRHO ¢ CPyEPSLN) ITKoKITER

DK121000
DK121010
DK121020
DK121030
DK121040
DK121050
DK121060
DK121070
DK121080
DK121090
£K121100
DK121110
DK121120
DK121130
DK121140
DK121350
DK121160
DK121170
DK121180
0K121190
UK121200
DK121210
DK121220

DK130000
DK130010
DK130020
DK130030
DK130040
DK130050
DK130060
DK130070
DK130080
DK130090
DK130100
DK130110
0K130120
DK130130

uK140000
DK140010
DK140020
DK140030
DK14g0uo
DK140050
DK140060
DK140070
DKi4p080
DK140090
DK1490100
OK140110
DK140120
DK140130
DK1490140
DK1u40150
DK140160
DK140170
DK1i490180
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COMMON QNET»USATyQINToQEXT» QPLAN, GALB, OSUN» QOLD » QNEW, TBREAK DKi40190

COMMON GAMPPHIC,) AL TsALTI s ANGS ,CTHE ToFDFF DK140200
COMMON PHI1,PHI2,»BUFFER DK140210
COMMON COSLS»SINLS»DT» Te#SINL»COSLrSINO»COSOrTHICK,NCOAT 1 NSUBS» DKiup220
1COSRSyPHLT » GAMM DK140230
COMMUON ESUNEEE KO »SP» TAINT o NDUTY DKiug240
UIMENSION PAR(2),P(2) DK1i40250
PARK{1})=~1,0 DK140260
PAR(2)=1.0 DK140270
ARPZA¥RP DK1u0280
BRIPZB*RP PDK140290
CRP=C*RP DK140300
BBZB*R DK140310
1F(CSIGMA) 2091020 DK140320

1 PO 19 J=1.2 DK140330
CP==ARP/ (CRP+BB®PAR(J) } OK140340
SP{1,1)=S0RT(1,0=CP%*2) DK140350
LF(SSIOMA) 30392 DK140360

2 SP(1,1)2=5P(1,1) DK140370
3 IP=SP(Llel)/CP DK140380
PAU)=ATAN(TPR) DK140390
IF(CP) 4,010,010 DK1404800

4 F(JI=P{U) P bKlugus10
1u ~CONTINUE LK140u420
11 FHLI1=P (1) DK140430
FHi2zP(2) OK140u440

99 KETURN DKi40us0
2y U0 40 J=1.2 uKiagaen
BSCRZBB*SSIGMA+PAR(J) *CRP DKi40470
1F(BSCR) 28:21:+28 DK140480

21 SP(191)=ARP*PAR{J) / (BB*CSIGMA) DK143890
CPZSQRI(10=5P(191)%%2) 0K140500

LF (CP*CS1GMA+SP (19 1) *SSIGMA) 23023,22 DK140510

Z2e CP==CpP DK140520
20 L1F(CP) 20024,26 DK140530
24 Plu)=0.5%xP1 DK140540
LE(SP(1s1)) 25+40940 DK140550

25 PlU)=1..5%P1 DK140560
60 TO 40 DK140870

20 TP=SP (1 1) /CH DK140580
FlU)=ATANCTR) vK140590
LFACP) 27940040 DKi40600

27 FlJ)=P(JU)+PI DK140610
00 T0 40 DK140620

28 bSz=~BR*CSIGMA DK140630
CCz=PAR(J) *ARPF LK140640
KUb=BS*BS+BSCR*BSCK DK140650

1 1==CCHHBSCR/RUB DK1L40660
12=BS*SART {RUB=CC*LC) /7KURB DK140670

29 CP=T1+T72 DK140680
SP(1,1)==(CP£RSCR+LC) /BS DK140690
IFACPXCSLGMA+SP (L 1) %xSSIGMA) 23030, 30 DK140700

Su CP=T1=-12 DKi4uTLO
SP(1,1)==(CPxBSCR+CC) /BS DK140720

L0 v 23 bK140730

4u CONT LNUE PDK140740
60 TO 11 DK140750

ENU DK140760
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1
11

15

lo
2y

21

Yy

Yo

FUR VECK1B,UECKLS

SUBROUTINE WYE(UrKKsY1eP1oNP)

UIMENSION X{(3),Y(3)sU(8),V(t)

EQUIVALENCE (X (1) e TRASH(1)) o (Y (1) s TRASH(U))

EQUIVALENCE(V (1) »TRASH(11)) s (C1oTRASH(15)),(C2,TRASH(16))

EQUIVALENCE(C3y TRASH(17))

UIMENSION TRASH(LT) oF(10,3,42) /) HIAB(I) P ANGTABL10) ,wHI1B) # XH(9)
LYH(6) 2 ZH(6) yELL () rRPP(9) yRR(9) v CAYY (D) » TIME(2)

UIMENSION DT(2,200)9T(2,200)ySINL(200),COSLI(200)»SINO(200),
1C0S0(200) » THICK(20U) ¢+ NCOAT(2U0) +NSUBS (200) »COSRS(200) rPHIT(200) »
20AMM(200) ' NDUTY(41,8)

DIMENSLION ESUN(B) sEEE(8o42) 1RO(By42) 1 SP(8r42) , TAINT(41,8)

DIMENSION BUFFER(1u)

COMMON TRASHeFoHIABrANGTABsWH o XHe YH e LHPELL ¢ RPPyRR,CAYY»P1oPIH,
1TWUP1ePI18O s NOFIND s NQORT» IFIRSTeNEWSIG

COMMON KPLNET o NOKIEN K TEMP » NUMRUN» NSATP y NPRINT s KREV o NPS50»REV

COMMON A BeCrAYFBEEIRPIRNIPEEIEL o RaCAYsBARLISH ALP2+BFT29GAM2,
1ALPHA2 yBETA2 ) GAMMAZ 2 COSA,COSB, COSG s SANB PHIMAX

COMMON SLIGMA,CSIGMA»SSIGMA, TSIGMA

COMMON PHIZ2)DPHI2/PHIZ»DPHI»PHI»CPHL»SPHI»PHINZ2¢PHOT2 ¢ SUN

COMMON TIMEZ) TABS» TELAPS)ZEIT,TIME s DELTAT ¢ XPoYP»DEE»DPSOsJ1 e U2

COMMON EP1PQ9EPSIGZ:TM1FTM'SA52osRASH

COMMON Gy RHRULP pRHO»CPoEPSLN, LTK)KITEK

COMMON ONET +SATrQANT » GEXT » QPLAN QALB, QSUN QOL D+ ONEW, TBREAK

COMMON GAM»PRICsAL(rALTI s ANGS »CTHET»FDHFF

COMMON BUFFER

COMMON COSLS)»SINLS DT »TeSINLyCOSLeSINOSCOSO»THICK ¢ NCOAT » NSUBS,
1COSRSyPHL ¢ GAMM

COMMON ESUNSEEE RO rSPe TOINT +NOUTY

X (L) ZULKK)

BOAZB/A

COA=C/A

DISC=1.0=(X(L)+CUA) %x*2

IF(DLISCH+,0001) Que2.2

YOENZ2 o 04SSTOMAXCSLGMAX () ,0-COSBx*2) %X (1)

IF (ABS(YDEN)=,0020) 3r4r4

NO UNIQuUk Y FOR THIS X VALUE

Y (L) =BOAXSART(DISC)

NP1

60 JO 10

UNIQUE Y FOR THIS X VALUE

YNUMSX (1) %X (1) % ((CUSBXCSIGMA) % %k2+SSTOMAX%2 )=({REE/A) %%x2

YNUMZYNUM+BOA%BOA®UTISC* { (COSB*SSLIGMA) *%x2+CSLEMAR*®2)

Y{L)=YNUMZYDEN

NP0

1IFX(1)) 15,11¢1b

PHIZ1.57079365

w0 TO 20

PHLI=ATAN(Y (1) /X(1))

IF{X(1)) 16+20,2v

PH1ZPHI+3,1415927

TORB=(Y (1) /BUA) **2=DISC

IF (ABS(TURB)=,001) 21,21,90

DK150000
DK150010
DK150020
DK150030
DK150040
DK150050
DK150060
DK150070
DK150080
DK150090
DK150100
DK150110
DK150120
DK150130
DK150140
DK150150
DK150160
DK150170
DK150180
DK150190
DK150200
LK150210
DK150220
DK150230
DK150240
0K150250
DK150260
DK150270
DK150280
0K150290
DK150300
DK150310
DK150320
DK150330
DK150340
DK150350
DK150360
DK150370
DK150380
DK150390
DK150400
DK150410
DK150420
DK150430
DK150440
DK150450
DK150460
DK150470
DK150480
DK150490
DK150500
DK150510
DK150520

TSHADE=ACOSB* (X (1) *CSTGMA+Y (1) *SSTGMAY ) *%2+ (X (1) *SSTIGMA-Y (1) xCSTGMDK 150530

1A) *%%2
TSHADE=(A/BEL ) **2% [SHADE=1,0
IFLABS(TSHADE )~ u01) 95995,90
F1=S1GMA

w0 10 S6

P1zPHI

LK150540
DK150550
DK150560
DK150570
DK150580
DK150590

161



162

(%)

<

Yo

6oul

Tuy
Tul
Tu20
Tu2
* %k

Y1=Y(1)
RETURN
END

FOR DECK16,UECKLA

SUBROUTINE SIGBET (KABG:LSHADE)

CIMENSION TRASHL7)eF(10+9,42) pHTAB(9) s ANGTAB(10),wH(18)»XH(9)
LYH(6) p ZH(6) pELL (9) yRPP(9) ,RR(9) s CAYY Q) » TIMEA2)

UIMENSION OT(2+200) ¢ T(2,200),SINL(200)COSLI200)»SINO(200),
1C0S0(200) » THLCK (20012 NCOAT(2u0) » NSURS(200) »COSRS(200) »PHIT(200)»
20AMM(200) o NDUTY (200)

DIMENSION ESUNIB) 1EEE(8942) »RO(B,U2)ySP(8942) s TRINT(41¢8)

UIMENSION BUFFER(B)

COMMON TRASH)FoHTABsANGTAB s WH yXHy YHy CHIELL s RPP,RR,CAYYPIyPIH,
LIWoPI»yPI18OyNOFIND s NQORT ¢ IFIRST +NEWSIG

COMMON KPLNET s NORIEN s KTEMP » NUMRUN» NSATP o NPRINT ¢ KREV ) NPDOsREY

COMMOM AyBrCrAYE BEErRP+RNsPEE,ELsR2CAYsBARL ¢S, ALP2)BET2/9GAM2,
1ALPHA2 yBETA2» GAMMAZ 2 COSA,»COSH,CO56SINByPHIMAX

COMMON S{GMA,CSIGMArSSIGMA,TSIGMA

COMMON PHIZ2,DPHLI2oPHIZ»DPHI yPHI ¢ CPH1»SPHI s PHIN2yPHOT2»SUN

COMMON TIMEZ, TABSy TELAPS s ZEIT,TIMESDELTAT» XPsYPSDEE»DPSQeJLru2

COMMON EPTPU4 ) FEPSLIG2yTMeFTMySAS2» SRASH

COMMON G o RHRCPyRHOsCPsEPSLN,» ITKsKITER

COMMON QNET )@SATyQINT» QEXT » QPL AN, QALB,QSUN,» QOLD +QNEW, TBREAK

COMMON GAMsPHIC, ALY+ ALTI»ANGS yCTHET »FDFF

COMMON PHIL1,PHI2»BUFFER

COMMON COSLS»SINLSsDT, ToSINLsCOSLsSINOsCUOSOr THICK NCOAT s NSUBS»
LCOSRSyPHLT e GAMM

COMMON ESUNsEEE ¢ RO rSP» TAINT o NOUTY » ANINCL » ASCNOD » ASNLNGrRGTASC
1DECLAN

tQUIVALENCE(TRASH{LD) +C1) s (THASH{16) +C2)» {TRASH(1T7)»C3)

FIND Si6mA IF PART OF ORBI} MAY BE SHADED

SUnNZ1.0

LF(KABG) 600,700,600

LF KAHG 1S 0+ INPUT IS ALPHA, BETA, GAMMA

CW=COS{ASCNOL*PT18U)

SW=SIN(ASCNOL*PI18Y)

SO=SIN(ASNLNG®PILI8Y)

CO=COS{ASNLNG*PY18U)

CI=COS(ANINCL*FPI18u)

STI=SIN(ANINCL*PI18Y)

SRISIM(RGTASCXPI1IBY)

CRZCOS{RGTASU*PT1RY)

CO=COS(DECLINRPIL8U)

SO=SIN(DECLINXPILI8Y)

COSA= ({Cw*CO=SW*S50*CI ) *CR+SRE(CW*SO+5W*CO*C1) Y xCO+SWxSI%SD

ALP2=ARCUS (CUSA)

COSBzCO*S T (SO*CR=~CO%SRY+CI%SD

BET2=ARCOS(COSH)

SINB=SIN(PI180%BETZ)

COSG=CO* (SRA(CORLWACI=SOXSW) =CR* (CowkSNACI+SWRCO) ) +CwWASI*SD

GAM2=ARCUS (CUSG)

IF(AUS{CUSA)=~,01) 701,710,711y

LF (ABS(CUSG)I~,01) 7U2,7020,7U20

LF(COSG) 704¢703,703
SUN=2,0

* TrE FOLLOWING CARD WAS ADDED 12/1b5/06 TU ELIMINATE TFRMINATOR
ORBLT PROBLEMS, * kK kK

5516MAZ0.0

DK150600
DK150610
DK150620

DK160000
DK160010
DK160020
DK160030
DK160040
DK160050
DK160069
DK160070
DK160080
pK160090
DK160100
DK160110
DK160120
DK160130
DK160140
DK160150
DK160160
DK160170
DK160180
DK160190
PK160200
DK160210
DK160220
DK160230
DK160240
DK160250
DK160260
DK160270
DK160280
DK160290
DK160300
DK160310
DK160320
DK160330
DK160340
DK160350
0K160360
DK160370
DK160380
DK160390
DK160400
0K160u410
0K160420
DK160430
DK1604u0
DK160u450
DK160u460
DK160470
DK160480
DK160490
DK160500
0K160510
DK160520
DK160530
DK160540



**k%% THE FOLLOWING CARU WAS ADDFD 12/15/06 T0 ELIMINATE TERMINATOR

Tud

Tus

‘et
'il
‘12

‘i3

3

16
17

173

18

i
20
<1
el
295

1301
juz

ORBIT PROBLEMS,
CSiGmA=1,u
SIUMAZO.U
0 10 722
SIuMA=PYIH
SIGMA2E9U,0
SS1IGMAZL1 .U
60 TO 705
SIGMA=1,.5%P1
SIGMA2Z270,.0
SS1IGMASR=1,0
LS1IGMA=O .U
1SIGMASSSIGMAXL & 20
00 TO 722
LELABS(COS6)=,01) 711,715,710
LF (COSA) T13,7129712
SIOMAZ0 .U
CSIGMAZ1 0
0 TO 714
SI16MAZPI
CSLGMA==1,0
$S16MAZYL.0
1516MAZ0 41
w0 TO 722
CSLGMAZCOSA/SORT (CUSA%x*2+C0SG%%2)
SSLGMAZSWURT (1, 0=CSLGMA%X%2)
LF(COSG) 71697174717
SSLEMAS=SSTIGMA
CALL DVCHK (KDO0OFX)

GU TOL7LT7Lls7171)+w000OFX
[SLGMA=SSIGMA/CSIGMA
CALL DVCHK (KOOGFX)

GO TO(TUSrTLB) PKOVOFX
SIOMAZATANITSIGMA)
iF (CSIGMA) 1Yy /202720
SIGMASSIGMA+F]

AF (SIOMA)Y Tele7220722
SILMASSTUMA+FT+Py
LEINORLIENY T2302U9,723
U0 725 J=1¢NSATP

* k¥ kK

CALL SUNURISINL{U) »COSLIUI»SINO (L) »CUSOLU) v SINBeCOSRyCOSRS(J)

16AMMLU) e NORIEN)

CONT EINUE

FIND INTERSECTION UF ELL IPSFS

LF{SUN=2,0) 210,1999199

LFLABS(CUSBY=,01) 100121152112

AYEZARS (KP/CLSE)

LEE=RF

BELSU=BFexBEE
CIZ((CSIGMAXLOSH ) #x2+SSIGMA¥ %2 ) /BEESuY

L2 (COSERCOSEL~1,U) %24 D¥BXSSTOGMAXCS L GMA/BEESQ
BT U(SSTUMARCOSB) % #2+CSIGMAX*2 ) ¥ (B/REF ) %22
iF (LSHADE) 199,1u020,19Y

CALL. FIND

CONT IMUE

CALL INTY

REJURN

ENY

DK160550
DK160560
DX160570
DK160580
DK160590
DK160600
DK160610
UK160620
DK160630
DK160640
UK160650
UK160660
OK160670
DK160680
DK160690
DK160700
DK160710
UK160720
UK160730
DK160740
DK160750
OK160760
DK160770
DK169780
PDK160790
DK160800
DK160810
UK160820
UK160830
0K160840
DK160850
DK160860
LK160870
DK1606880
DK160890
DK160300
UK160910
DK160920
DK160930
DK160940
DK160950
DK160960
UK160970
DK160980
DK160990
UK161000
DK161010
UK161020
DK161030
DK1610u40
UK161050
DK161060
LVK161070
DK161080
DK161090
UK161100
UK161110
DK161120
UK161130
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[S5 \U

FOR OECK17+DECKL?
SUBROUTINE INTERP (PROP TEMP ) UXs ANS)

PROP 1S FEE(EPSILON) »RO(RHO)» Or SP(SFEC,

TEMPF IS TEMPEKATURE OF ELEMENT

LK170000
pK170010
DK170020
UK170030

JX IS INDEX INUICATING WHICH COATING TABLF TO USE~OR SUBSTRATEDK170040

ANS 1S EPSILONs RHO» OR CP = RESPECTIVELY

DIMENSION PROUP(B,42)

DO 16 I=i,42,2
LFATEMP=PROP(UX»1))11013,12
IFATEMP=FPROP (UX,1+2))16s14,15
LF(TEMP=PROP (UXs L+2) 1150140106
ANSZPROP(UXsi+1)

RETURN

ANSZPROP (JUX s 143)

KE 1 URN

ANSZPROP (UX 9 i+1) +{ (PROP{UX» T+3)=HROP (UXp 1+1) ) %
L(TEMP=PROP (JXy 1)) )/ (PROP (JX )y 1+2)=PROF (JX, 1))

RE FURN
CONT INUE
RETURN
eNU

FUR DECK18rUECK IR
SUBROUTINE AKROUI (A2LRyNSATP)
UIMENSION A{200)

LO 20 J=1.L8

4=10%J=9
NFZMINO(LU+9yNSAIR)

WRITE (60705) 14, (A(K) s KZTU ) NF)
FORMATA14X10,2X1UF 10427

HE LURN

END

FOR DECK19,UELK1Y

FUNCTION ARCUS(C)

LFLC) 39213

ARCOS=90,.,0

KE L URN

ARCOSTATANISURT ((1,0/C)**2=140) /4017453293
1FLC) 8999999

ARCOSZ18Y,0-ARCOS

60 TO 99

ENU

FuR DECK20,UELK2D
SUpROUTINE QUART lA“:A31A2lHlIﬁU)
UIMENSLION XL3)»Y(3)2Ul4) sV 4)
LOMMUON X, YrUeV
UIMENSION $SC(8)

SCL1)=AL

SC12)=A3

5C(3)1=A2

SC{4)=A1

SC(5)IZAD

CALL DDFERI(SC(1))
vl 5 J=1,4

UK170050
DK170060
DK170070
uK170080
LX170090
DK170100
LK170110
DK179120
DK170130
OK170140
DK170150
LK170160
DK170170
uK170180
DK170190
UK170200

UK1AR0000
DK180010
UK180020
DK180030
DK1830u40
DK180050
DK180060
UK180070
DK180080
DK1Rp090

LUK190000
bDK190010
pK190020
DK190030
DK190040
UK190050
DK190060
DK199070
UK18y40ngo
UK190090

pK200000
uK200010n
UK2000290
LK200030
vK200040
UK200050
vK200060
LK200070
uK20008¢0
DK200090
DK200100
DK200110



14

1z

10

K=J+d
U{JI=SCIK=1)

V{J)=SC(K)

RETURN

END

FOR DECK21»UECK21

FUNCTION PHIFN(XNgsYN,STEP)

DIMENSION TRASH{L7) eF(10,9,42),HTAB(Y) »ANGTAB(10) ,wH(18)»XH(9),
1YH(6) 2+ ZH(6) ¢ ELL(Y) yRPP(9) yRR(9) » CAYY (D) o TIME(2)

DIMENSION DT(2,200)»T(2,200),SINL(200)sCUSL(200)»SINO(200),
1C0S0(200) ¢+ THACK (200) #NCOAT(200) #+NSURS(200) »COSRS(200) »PHIT(200)»
2GAMM(200) o NDUTY (200)

DIMENSION ESUN(8) rEEE(8242)pRO{B,U2)ySP(8+42),TOINT(41,8)

UIMENSION BUFFER(8)

COMMON TRASH:FrHIABsANGTABoWH  XHe YH 1 ZHeELL ¢ RPPyRRyCAYY e PLePIH,
1TWOPLsPILB0 s NOFINDyNQORT» IFIRST» NEWSLG

COMMON KPLNET ¢ NORIENK TEMP » NUMRUN NSATP » NPRINT ¢ KREV o NP5 0, REV

COMMON AyBsCyrAYF)BEE)RPIRNsPEE+EL»RyCAYyBARL s S»ALP2/yBET2)GAM2,
1ALPHA2 BETA2)GAMMAZ»COSA,COSH,COSGySINB,,FHIMAX

COMMON S1IGMA,CSIGMASSIGMA,TSIGMA

COMMON PHIZ2/sDPHL2ePHIZo»DPHIPHI»CPHL,SPHIZPHINZ2»PHOT2» SUN

COMMON TIMEZ ) TABS» TELAPS,y ZEIT  TIME s DELTAT ¢ XPo YP2DEE »DPSQy J1 s U2

COMMON® EPTPU,EPSIGZs TMeFTM, SAS2 ¢ SRASH

COMMON GrRHRCPsRHO»CPyEPSLNy fTKIKITER"

COMMON QNET»QSAT»QANT» QEXT ¢ QPLAN, QALB,,QSUN, QOLD »GNEW, TBREAK

COMMON GAMyPHIC yALT e ALTT ¢ ANGS ,CTHET o FDFF

COMMON PHI1,PHI2sBUFFER

COMMON COSLSesSINLS»UT» ToSINL s COSLeSINOeCOSU»THICK,,NCOAT »NSUBS
1COSRSPHIT » GAMM

COMMON ESUN/ EEE sRO2SP o TAINT o NDUTY » ANLNCL  ASCNOD » ASNLNG»RGTASC
1DECLIN

DIMENSION AA(H)»AALIB) 1P(6)PLI6E)

COMMON AA AAL PH»P1,IORDERy IORD1 » LERRUR» THETADITMAX ENL/ENYFACT,
LYNHAT »ENHATL ¢+ EMAG» UDERROR ¢ DTTEST

ARG X=XN

ARGYZYN

PHIFN = U,0

nNU=1

ENKZFOFXY (ARGX s AKGY)

FHIFNSPHIFN4AA (NU) #FNK

IF(NU~IORDER)11s12,12

NUSNU+1

RASH=P (NU) *STEP

ARGXZXN+RASH

ARGYZYN+RASH%FNK

00 70O 10

KE TURN

END

FuRr DECK22/»UECKZ22

FUNCTION GFN{XeY)

UIMENSION TRASH(17)sF(10,9,42) 1 HTAB(Y) ) ANGTAB(10) ,WH(18) s XH(9),
IYH(B) 2 ZH(B) 2ELL (Y) rRPP(9) yRR Q) »LAYY(Q) » TIME(2)

DIMENSION DT(2,200)9T(2¢200) »SINL(20U) »CUSLI200) 9 SINOL20U)
10050€200) e THICK (200U ¢ NCOAT (2001 »NSUBS (2001 o COSKS(200) +PHIT(200)
26AMM (200) »NDUTY (200)

UIMENSION ESUN(B) JEEE(8242) yRO(B,B2) »SP(Bs42) , TRINT(41+8)

DK200120
DK200130
DK200140
DK200150
PK200160

DK210000
DX210010
DK210020
DK210030
DK210040
DK210050
DK210060
pK210070
DK210080
uK210090
UK210100
DK210110
DK21o0120
DK210130
DK210140
DK2101s50
DK2101e0
DK210170
DK210180
DK210190
DK2190200
bKz1g210
DK210220
DK210230
bKZ2102u4n
DK210250
DK210260
DK210270
bK2190280
DK21u290
DK210300
DK210310
DK210320
DK210330
DK210340
DK210350
UK210360
0K210370
DK210380
DK210390
DX210400
DK21g410
DK210420

Dx220000
LK220010
DK22¢020
DK220030
LDK220040
UK220050
DK220060
DK220070
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UIMENSION BUFFER(8)

COMMON TRASH»F o HTABy ANGTAByWH» XHy YR L ELL pRPPsRRyCAYYPIyPIN,
LTWOPIyPI1B0 1 NOFINDINQOKRT » IFIRSTYNEWSLG

COMMON KPLNE] g NORIENyKTEMP s NUMRUN» NSATP s NPRINT , KRFV o NPH0,REV
COMMON A HyCrAYE yBEEIRPIRNIPEESELI Ry CAY BARLY S, ALP2 1 BFT2,GAM2,
1ALFHAZ »BETAZ s GAMMAZL »COSA» COSBYCOSGy SINB PHIMAX

COMMON S1IGMA»CSIGMASSLGMA, TSIGMA

COMMON PH1Z2,0PHLI2+PHIZyDPHIvPHI »CPHL,,SPHI»PHIN2»PHOT2 9y SUN
COmMON TIMEZ)»TABSs TELAPS ZEIT»TIME »DELTAT o XPYP2DFE1DPSQsJ1 e U2
COMMUN EPTPULEPSIG2yTMeFTM)SAS2 e SRASH

COMMON G o RHRCPIRHOYCPEPSLNY ITKoKITEKR

COMMUN ONET rQSATr QANT» QEXT» OPLANS OALB, QSUN, GOL D UNEW» TUREAK
COMMON GAMIPHIC, ALTrALTIANGS yCTHET o FDFF

COMMON PrH1lePHI2»BUFFER

COMMON CUSLS»SINLS»DTy» TeSINL»COSL»SINQO»COSO» THICK yNCOAT e NSUBS
LCOSRSPHLIT » GAMM

COMMON ESUNEEE,RO»SPy TAINT »NDUTY ¢ ANLNCL ¢ ASCNOD ¢ ASNLNGsRGTASCy
ILECLIN

LDIMENSION AA(6) 1AARLIB) 1P(H)9P1(6)

COMMON AAPAAL,PyP1,TORDER,IORDL » IERRUR» THETA»DTMAX+EN1vENSFACT,
LYNAAT rENHATL s EMAG 2 DERROR ) DTTEST

GFNZ2, UXEFSTG2%Yx%3

KRE TURN

tND

FUR VECK23,DECK23

FUNCTION FOFXY(X,Y)

UIMENSION TRASH{17)sF(10,9,02),HTAB(9) s ANGTAB(10) , wH(18) 9 XH(9)
IYHA(E) s ZHLE) 2L (9) s RPP (D) ,RR(Q) s CAYY (G} » TIME(2)

VIMENSION DT(2,200) o T(20200) ySINLLAZ20U) »COSLL200) ¢ SING(200),
1L050(200) » THICK (200 #NCOAT (200) ¢+ NSUBS (200 y COSRS{200) »PHIT(200) »
26AMM(200) »NDUTY(20U0)

DIMENSION ESUNI8) sEEELB8,82) rRO(BU42)SP(8,42), TOINT(4158)

UIMENSION BUFFER(8)

COMMON TRASH,FoHIABy ANGTAByWH yXH e YHe £H9ELL pRPPyRR,CAYY»PL2PIH,
1TWUP1»P1LB0 ) NOFIND ) NQOKRT, IFIRSToNEWSLG

COMMOMN KPLNET p NORIEN, KTEMP ¢ NUMRUN NSATP 9 nNPRINT pKRFV o NPHOYREV

COMMON A B2 CorAYE yBEEIRPIRNIPEE»ELPRICAY P BARL 2 S»ALP21BFT206GAM2,
1ALPHA2 ¢ BETA2 9 GAMMALy LOSA, COSB» COSGy SLNB »PHLMAX

LOMMON SLGMA,CSTOMAPSSIGMA» TSIGMA

COMMON PHIZ2,DPHLZ2»PHIZeDPHI s PHI » CPHL  SPHTI S PHINZ » PHOT? ¢ SUN

COMMON TIMEZ, TABS TELAPS ) ZEIT»TIME yDEIL. TAT o XP»YPeDFE»UPSQerJ1 e b2

COMMUN EPTPU,EPSLIG2e TV FTMySAS2 ¢ SRASH

COMMUN GoRHRUPYRHOrCPEPSINP LTKeKTIEK

COMMON QNET s QSAT »QUNT » QEXT »OPLAN, QALE, QSUN, QULD s UNEW, THREAK

COMMON GAMIPHIC,)AL { o+ ALTI ,ANGS yCTHE T o+ DFF

COMMON PHL1yHIZ2 BUFFFK

COMMON COSLS»SINLSUT» TrSINLyCOSLeSINO,CUSUr THICK ,NCOAT»NSURS,
1LOSKSyPHLT 1 GAMM

LCOMMON ESUNSEEE sROsSPe TQINT o NPDUTY s ANIMCL s ASCNOD » ASNLNGyRGTASC
LUECLIN

DIMENSLION AA(B) »AALIL) PP (6)1P116)

COMMON AAPAAL,PyP1y IORDER» IORDIL » LERRURs THE TA2DTMAX»FNI 1 ENeFACT,
LYNHAT»ENHATL EMAG P UERKROR yDTTEST

FOFXYZRHKCP* {QNE1+QINT+0 ,S*EPSTIG2* Ykl )

HE JURN

ENU

DK220080
DK220090
DK220100
DK220110
DK220120
DK220130
DK220140
DK220150
DK220160
DK220170
DK220180
0K220190
bK220200
0Kz220210
brz20220
LK220230
DK220240
DK220250
DK220260
oKz220270
DK220280
DK220290
DK220300
DK220310

DK230000
DK230010
DK230020
LK230030
DK230040
bK230050
DK230060
DK230070
DK230080
Dx230090
UK230100
DK230110
pK230120
UK230130
DK230140
UK230150
DK230160
DK230170
DK230180
DK23019n
UK230200
DK230210
UKz23g2z20
DK230230
DK230240
DK230250
DK230260
UK230270
DK230280
DK230290
DK230300
DK230310



FOUR DECK24 rUELK2Y
FUNCTION UELTA (XN, YNeSTEP,FO)
UIMENSION TRASH(L7)F(10.9,42),H1ADB(Y) »ANGTAB(10) ,wH(18) ¢ XH(9),
1YHLE)Y »ZHLB) vbLL(Y) e KPP (D) s RR{Y) s CAYY (D) s TIME(2)
UIMENSION DT(2,200)T(2,200)»SINL(200),COSL(200)+SINGI200),

1C0S04200) » THLCK (200 ) o NCOAT(200) » NSUBS(200) yCUSRS(200) fPHIT(200) »

20AMM{200 1 »NDUTY (200)

DIMENSION tSUN(B)vtEE(BvQZ)'R0(804¢)QSP(6042)'TQINT(leﬂ)
UIMENSION BUFFER(8)

COMMON TRASH F HIADs ANCTAB yWH e XHs YH LHPELL yRPPyRR,CAYYIPILoPIH,
11WUPLPL180,NOFIND e NQORT» IFIRSTriNEwSIG

COMMON KPLNEY s NORTEN» KTEMP ¢ NUMRUNe NSATP s NPRINT ; KRFV )y NPSO»REV
COMMON AsBrCrAYF,BEE/RPIRNIPEESEL Ry CAY/BARL» Sy ALP2yBET2,GAM2,
1ALPHAZ s BETA2 y GAMMAZ »COSA, COSE,COSG, SINB PHIMAX

COMMON SLGMA»CSILUMA»SSIGMA» TSIGMA

COMMON PHIZ2yDPHLI2¢PHIZ DPHI ¢PHI»CPHL,SPHIYPHINZ2» PHOT2 ¢ SUN
COMMON TUMEZ )y TABS» IELAPS»ZEIT, TIME DELTAT» XPrYPSDEE»DPSQeJ19U2
COMMON EP IPU4,EPSLG2r TMyFTMySAS2s SRASH

COMMON G o RHRCPsRHO»CPPEPSLNy LTKeKITFR

COMMON QNET ruSAT»QINT » QEXT » OPLAN, QALB, QSUN, QOLD s QNEW, TBREAK
COMMON GAMsPRHIC)ALTsALTI»ANGS CTHE1 2FU»FF

COMMON PHL1/»PHI2BUFFER }

COMMON COSLS e SINLSsUT»TrSINL s COSLeSINOYCOSUr THICK , NCOAT » NSUBS,
LLOSRS o PHIT r GAMM ’

COMMON ESUN EEE ¢ xO¢SP» TAINT o NDUTY v ANLNCL » ASCNOD » ASNLNGYRGTASC
1UECLLIN

UIMENSION AALR) 1 AALIE) 1P (6),P1(6)

COMMON AA,AAL,P 1 IORDERy IORDL ¢ IEKRURs THFTAsDTMAX,ENTsEN»FACT,
LYNHATENHATLyEMAG e UERROR,DTTEST

STePi=STEP*0,.5

FI=PHIFN(XN, YNy STEPL1)

XNL=XN+STEP]

YNLZSYN+STEP1I%F1

F2=PHIFN(XNL1sYNI1,)SIEPL)

DELTASSTEPLI*(F1++2)=FO%XSTEP

KETURN

ENU

FOR UECK25sDECKZS
SUBROUTINE ERROR(STEP,FO0)
LIMENSLON TRASH(L7) »F(10,9,u2),HIAB(9) )ANGTABILD) ywH(18) ¢ XH(S),
LYH(6) s ZH(E6) yELL(9) »RPP(9) »RR(9) » CAYY(Q) , TIME(2)
UIMENSION DT(2,200)»T(2,200) »SINLL200U) »COSLI200) ¢ SINO(200)

1C050(200) THLCK(20u) #NCOAT(200) 1 NSUBS(200) yCOSRS(200) rPHIT(200)

26AMM(2U0) fNDUTY (20U)

UIMENSION ESUN(B) sEEE(8r42) ¢yRO(BoU2) 2 SP(8o42) , TAINT(4198)
LUIMENSION BUFFER(8)

COMMON TRASHeFoHIAG) ANGTAB ) WH o XHy YHr LMo ELL yRPPyRR,CAYY9PI,PIH,
1iwuP1lyP1180,NOFIND)NQORT»IFIRST e NEWSLG

COMMON KPLNE T s NORIEN K TEMP » NUMRUN Y NSATP y NPRINT yKREV s NPS0 s REV
COMMON AyBrCorAYFyBEEIRFIRNIPEEsEL e Ko CAY ¢ ARL e Sy ALP2BET29GAM2,
1ALFHAP »BETA2,, GAMMALZ s COSA, COSB, COSG, SINBsPHIMAX

COMMON SiG6MA»CSTLMALSSIGMA TSIGMA

COMMON PHIZ2yDPH1I29PHIZ»DPHI ¢PHI»CPHL pSPHYI»PHIN2,PHOT2»SUN
COMMON TiIMEZ,» TABSs 1ELAFS»ZEIT»TIME »DEL TAT 1 XP2YP»DEE»DPSQeJ1rJ2
COMMON EPTP4 EPSL1G2yTMsFTM,SAS29 SRASH

COMMON G oRHRULP)RHO»CPyEPSLN, ITK)KITER

COMMON ONET »QSAT»QINTy QEXT» QPLAN, QALEB, QSUN/,QOLDrGNEW, TBREAK
COMMON GAM2PHIC,AL1sALTI»ANGS»CTHET »FD»FF

DK240000
DK240010
DK240020
DK240030
DK240040
OK240050
DK240060
DK240070
DKz240080
DK240090
DKa240100
DK2u40110
DK240120
0OK240130
DK240140
DK240150
DK240160
DK240170
DKaug1s0
DK240190
DK240200
bKzu40210

DK2ug220

DK2u0230
DK240240
DK2490250
DK240260
DK2u40270
DK240280
DK240290
DK24903900
DK240310
DK249320
bK240330
DK240340
DK240350
DK240360

0K250000
LK250010
DK250020
DK250030

DK250040

DK250050
DK250060
DK250070
Dk 250080
DK250090
DK2590100
DK2590110
DK250120
DK250130
DK250140
DK250150
DK250160
DK250170
DK250180
DK2501990
DK250200

167



168

COMMON PH11,PHI 2 BUFFFR

COMMON COSLS»SINLS»DT» TrSINLyCOSLSINO»COSOrTHICK, ,NCOAT NSURS,
LCOSRS»PHLIT » GAMM

COMMON ESUN EEE»ROrSP e TAINT ¢ NDUTY » ANINCL » ASCNOD s ASNLNGrRGTASC»
LDECLIN

DIMENSION AA(R) 1 AAL(6) 1P (6)P1(6)

COMMON AASAALIP»P1sIORDER TORDL s AERROR s THETA»DTMAX s ENIsENsFACT,
IYNHAT s ENHATL yEMAG» DERROR,, DTTEST

TLAST=TIME(JL)

TJU=T(J1rs1)

DTIME=STEY

HENRICI ERROR FUNCTION.

GO TO (19193) s IERRUR

DELEDELTALTLAST» TU»STEPFO)

DERROR = =({ {THETA/DTMAX) **YORDER ) *DELxFACT*THETA
EN=EN% (1, 0+DTIMEXGFN(TLAST» TJ) ) +UERRUR
RE TURN
ENL
FuR DECK26s UECK26

SUBROUTINE GEOFAC(FAC)

DIMENSION TRASH(17)oF{10,9,42)HTAB(Y) 1ANGTAB(10) ,wH{18)¢XH(9) )
LY¥H(6) 9 ZHA ) peLL(9) yRPP{9) »RR(OQ) e CAYY(O) » TIME(2)

DIMENSION DT(2,2000»T(29200),SINL(20V)»COSLLL200) ¢ SINO(200)»
1C0S0(200) » THLCK (20U) o NCOAT(2U0) »NSUBRS(20y) »COSRS(200) »PHIT(200) »
26AMM(200) ¢+ NDUTY (200)

DIMENSION ESUN(S8) rEEE(BrU42) sRO(Bo42) 1 SP(Bo42) » TOINT(41+8)

DIMENSION BUFFER(1W)

COMMON TRASHFoeHIABrANGTAB,WH , XHy YH e ZH»ELL ¢ RPP,RR,CAYYsPL,PIH,
1TWOPL,yPL180yNOF INDyNQORTy IFIRSToNEWSLG

COMMON KPLNE T s NORIEN K TEMP ¢ NUMRUN» NSATP gy NPRINT s KREV s NP0 REV

COMMON AsBeCrAYE,BEEsRPPRNIPEEIELrOrCAY 2 BARL s W ALP2o/BFT29GAMZ,
LALFHA2 yBETA2 » GAMMAL»COSA» COSB,COSGySLNB )y PHIMAX

COMMON SEGMA,CSTGMA»SSIGMA,TSIGMA

COMMON PHIZ2,0PHLI2sPHIZ» DPHIvPHI»CPHI »SPHI»PHINZ2PHOT2 9 SUN

COMMON TLIMEZ» TABS» IELAPSZEIT» TIME,DELTAT ¢ XPoYPP»DEE »UPSQrJleJ?

COMMUN EPIPUIEPSLG2s TMeFTM, SAS2 » SRASH

COMMON 69 RHRUP » RHO» CP2EPSLN» LTKoKITER

COMMON QNET »QSAT,QLNT ) GEXT » QPLAN, QALB, QSUN» QOLD » GNEW, TBREAK

COMMON GAM»PHIC, ALToALTI ) ANGS CTHET »FDFF :

LCOMMON BUFFER

COMMON COSLS»SINLS UT» T2 SINLyCOSLeSINOCOSU»THICK ,NCOAT » NSURS
ICOSRS,PHLT y GAMM

COMMON FSUNPLEE KO »SP» TOINT yNDUTY » ANLNCL » ASCNOD» AGNLNG/RGTASC
JLECLIN

DIMENSTION R(B)sQ(U4) sP(2)eS(2)

CAMBU=GAM/ 30,0
NGIO=GAMSIY

GNIV=NG3IU

GF ZGAM30=-GN3y

P3u=PHIC/30.u

NP A0=P30

FNIO=NP3U
HF=P30=PN30

LF(NP30=6) 6i4,4

NPOOZH

HPF=1,.0

NPSHLI=7HNGIO+NPI0+1

1t TABLES FOR ZERO H ARE USEL, DU J=299

DK250210
DK2560220
DK250230
DK250240
DK250250
DK250260
DK250270
DK250280
DK250290
DK250300
DK250310
DK250320
DK250330
DK250340
DK250350
DK250360
0K250370
DK250380

DK260000
DK260010
DK260020
DK260030
DK260040
DK260050
DK260060
DK260070
DK260080
DK260068%
DK2600%0
DK260100
DK260110
DK260120
DK260130
DK260140
DK260150
DK260160
DK260170
DK260180
DK260190
DK260200
DK260210
DK260220
DK260230n
DK260240
DK260250
DK260260
DK260270
DK260280
DK260290
DK260300
DK260310
DK260320
DK260330
DK260340
DK260350
DK260360
DK260370
DK260380



iu

11

1o
1z
iy

12

ig

2V

2¢

2
20

2/

1u0
Yo

gur
Y99

L0 10 Jz=3¢9

NHZJ=1

LFAHTAB(U)I=ALT) 109797
CONTINUE

HEZ (ALT=HTAB(NH) ) Z/ (HTAB(NH+1)~HT AR (NH) )

U0 13 J=2»10

ANGDZANGS

NAZJ=-1

LAF(ANGTAB(J)=ANGU) 13,12,12
CONT INUYE

AFZ (ANGD~ANG I AB(NA) )/ (ANGTAB(NA+L)I~ANCGTAB(NA))
V0O 25 Jdzle2

nNZUJ=1

KENPST+7 %N

LU0 1b L=le2

wLoK+l=1

LMz {L—1) %4

KOLN4T)ZF (NA)NHiKL)
HKOLMESYSF (NANH+ | o KL)
RILM+Z)=F (NA+ 1o NAsrl)
RLM+L)SF (NA+ Ly NR+ L KLD

L0 18 J=ie4

KU+
GlU)ZR(K=1) +HF* (R (K) =R (K=1))
U0 20 J=Le2

A=J+d %

A SO (K=1) +AF*(Q{R)}=Q(K=1))
S(ud)I=P (L} +Pr+(PI2)~P(1))

1F (NPS1=00) 8922922
S42)1=0.0

L0 10 26

CONT [NUE

FALZS (L) +GHF*(S(2)=5(1))
LF(ALT=HIAB(Y)) 27.27,98

LF (COS(ANGS*PT1RU)+.6U28) 98,989,499
LE(FAC) 981000140
IF(1,0=FAC) 998,999,999
FALZU.VU

6O TO 99y

FALZL1,0

RE JURN

ENy

FuR DECKR27 r LECK27
SUDLRONTINE QLIN(aKeLip W)
L1MENSLION TORINT (41,8) 2 TRASH{7818) s w (1)
LOMMON TRASHy TQINT
[R=TH
AIRK
FiL) 01961r02
1F L=0s» TARLE ENTRIES ARE CLEARED
TQINILLI,K)ITUL0
1QINT (41 ,K)I=,0
w0 10 9Y
TQINT {41 ,X) 2,0
L0 63 JTLe7
TUANT (JrR) =W T)
Ltk L1902 O 3¢ NU MORF CARUS ARF REAU
IF L IS LAKubre READ MORE CARUS

DK260390
DK260u400
DK260410
DK260420
DK260430
DK2604u0
0DK260450
DK260b60
DK260470
DK260480
DK260490
DK260500
DK260510
DK260520
DK260530
DK260540
DKz260550
DK260560
0DK26057n0
DK260580
DK260590
DXze06nn
DK260610
OK26e0620
DK260630
DKR60640
DK260650
DK260660
DK260670
DK260680
DK260690
uK260700
DK260710
DK260720
DK260730
DK2607u0
DK260750
OK260760
DK260770
PK260780
DK2640790
DK260800

PK270000
DK270010
0K270020
OK270030
DK270040
DK270050
DK270060
DK270070
PDK270080
PK2706090
pk270100
DK270110
DK270120
LK270130
DK270140
DK270150

169



170

64
99

&b

I HE

(o N o

10

700
o000
300

12
13

11

70

75

14
84U
]

By

ib

IF(3=L) 64+99,99

READ(S»65) {1QINI(2%JsK) pTRINT(24J4+1 9K ) pu=drl)
TAINT (2%L+2sK)=1U0U00000.0

WRITE (11Kl (TQINT(JeK) »J=1,41)

RETURN

FORMAT (2X6FB.2¢2F15,.2)
eNU

FOR DECK28,UECK28

SUBROUTINE DUVETA (Ce RTe MTYPE)
DIMENSION Cl4)r KT(3)y X(2)

DK2701660
DK270170
DK270180
DKe70190
bK270200
DK270210
DK270220

DK2RU000
DK280010
DK280020

FOLLOWING STATEMENT (S) HAVE BEEN MANUFACTURED BY THE TRANSLATOR-==DK280030

DOUBLEF PRECISION o v RT r X » A e B
VOUBLE PRECISION w v R » USQRI v CORECT

LUOUuBLE PRECISION PHI1 v DATANZ » POD » FXPO » DLOG
UOUBLFE PRECISION UEXP v DCOS ¢ LSIN ’

CLOD s PLOD
vl 10 L=2.4 :
clu)=CciL)/7C()

Z(3.,0D0%C(3)=Cl2)%x*2)/3,0D0
B=(2,0D0%(C{2))*%x3=9,0D0xC(2)%C(3)+27,000%C(4)) /27,000
WIBk%E2 /4 4UD0C+AX%S/27 . 000
IF (B) 6ubs 700s 600
LF (ARS(A)=.u01) 12 12 300
IF(ABSIQ) =104 0%*% (=15) %xB%%2/4,0) 12, 00, 300
AF (W) 1ie 12y 13
mIyYrPE=U
60 TU 14
mTYPET1
w0 10 15
mTYPEZ=]1
o ZDABS(Q)

K TUSQRIAQ)
CORECT==8/2.,uD0
PHL1=DATAN2 (K, CORELT) /3.0D0
FOU =DSORT (Bx#2/4 ,000+Q)

LF (POD) 73y 70, 73
All)=n,.000

x{z)y=n,0un

60 TO 17
EXPO=(LLUG(PLD) )/ 3,000
FOUZUFXP (EXPO)

x(i)= POD*DCOS(PHIL)
rle)= POD*DSIN(PHLIL)
00 T0 17

POUE=~R/2,0D0

1F (POU)Y 83, R0s 83
X{1)=n.00L0

G0 10 84

EXPO= (DLUG(DARS(POU) ) /3,0D0
X(1)=(POL Z7DARS{POL) ) *xDEXPLEXPO)
K1L1)=2.uD0%X (1)

hRT{2)==X{1}

KT{B)=RT (2}

<O Ty 19y

wSuSEKT (W)

CLubz=B/2.0Du+0Q
FLUDZCLOU=2,UD0%w

IF (CLUD) 96 Y5, Y6

DK280040
PK2R0050
DK 280060
VK280070
UK2Ry080
DK280090
pKzao1o0
DK28011n
DK2890120
UK280130
UK280140
DK280150
DK280160
DK280170
DK28u180
0K280190
DK280200
DK280210
DK280220
DK280230
DK280240
DK280250
DK280260
DK280270
LK2R0280
LK2Ry290
DK280300
DK2R0310
Dk2BU320
UK2R0330
DK28U340
0OK280350
UK280360
DK280370
DK280380
DK280390
DK28g400n
UK2Z2RYU L0
LK2Bouzn
DK280u30
DK280440
DK28ous0n
LDK2BYueD
UK2R0u7n
DK280480
DK280490
LK 280500



9b x(1)=0.000
00 10 97

Y6 EXPO=ADLOG{DABS(CLOD)))/3.,0Du
X(1)=(CLOO/DABS(CLOD) )Y *DEXP{EXPO)

97 IF (PLOD) 91 Y0, 91

9U x(2)=0.000
G0 TO 16

91 £XPO=(DLOG{(DARBS(PLOD)))}/3,0D0
X{2)=(PLOU/DABS (PLUD) ) *DEXP (EXPO)

16 RTALISX(1LI+X(2)=((2)/3,0D0
KT(2)==,50D0*%{X{1)+X(2)}=C(2)/3.000
RT{3)= «8660254037844385DUX(X11)=Xx(2))
RE | URN

17 RT41)=2.,000%Xx(1)
KT(2)Z=X11)+X(2)%1,73205080756887700
KT(3)==X(1)=X(2)%1,732U5080756887700

19Y U0 200 LZ1+3
200 RT(L)=RT(L)=L(2)/3.000

18 RETURN

END

FUR DECK29y DELK29
SUBROUTINE DUFERL (SC)
LIMENSION C(B)Yr Afu)r Y(3)
LIMENSION SC(8)

DK280510
DK280520
DK280530
pK280540
DK280550
DK280560
DK280570
DK280580
DK280590
DK280600
DK280610
DK280620
DK280630
DK280640
DK2R0650
DK280660
DK280670
DK280680
DK280690
DK280700

DK290000
DK29u010
DK290020
DK290030

C THE FOLLOWING STATEMENT(S) HAVE BFEN MANUFACTUKED BY THE TRANSLATOR=-=-DK290040

C
DOUBLFE PRECISION C v A r Y » CLOD y PLOD
UOUBLE PRECISION ¢ v Q ¢ R (IR
UOUBLF PRECISION BIGA ¢ DSQERT , LTISC1I » DISC2 o ABSZ
UOUBLE PRECISION CORECT ,» PHI » UATANZ » DCOS y DSIN
UOUBLF PRECISION £AP v ZSGREL » £SQRE2
C DIMENSION C(8)r Al4)» Y(3)
C DIMENSLON SC(8)
U0 400 L=1»5
400 C(LI=SCL)
Lo 401 L=9rlo
401 C(L)=0.0
AL1L)=1.000
CLUD=,250D0%C(2)/CL1)
14 4F (C(2)) 10us 1uls 10U
100 pLUD=C(1) *%x2
PELI3)/CLL) = 37500%(C(2) x*2) /PLOD
w=C(4)/C(1) =500 (C(3)*C(2))/(PLUD Y+, 125D0%{ (C(2)/C(1) ) %x3)

DK290050
UK290060
DK2906070
DK290080
DK290090
DK290100
DK29011¢0
DK290120
bK290130
DK290140
DK2%0150
DK290160
uUK29%017n
OK29390180
UK290190
0K290200
DK29u210
uK290220

Ko (C(2)%%2)%C{3)) /(16 000%(C(1)x%3) )=(3,000%(C(2)%*4))/(256,0D0%(DK290230

10C(4) *%4) )=,25D0uk(C{u)*C(2)) /PLOD+C(R)I/CLLD)
102 A(z2)==P
A{3) =4, UDOXK
A{4)zb , DUURP*xR=Qx*x2
CALL DDVETA (AsY, MIYPE)
1F (MTYPE) 1% 15» 16
15 u=y (1}
U0 666 L=2+3
IF (U=Y(L)) 76 606r 0666
76 uzYiL)
066 CONTINUE
¢0 Yu 21
16 1F (Y(2)) 2Tur 271y 270
271 (F(ABS(Y(3))=10,ux*(~=7)) 272, 17, 17

DK2902u40
UK290250
DK290260
UK290270
DK290280
0K29029n
DK290300
DK290310
UK29u320
DK290330
0K290340
DK294350
VK290360
DK2%0370

171



172

e72

270

18

20
21

150

204
20b

23

24

2b
zlu
211

27

29

166

101

Y(2) = 0,000
Y(3)=0.00L0
60 T 195

PLOD = DABS(Y(3)/Y(2))~5,0D=7
1IF (PLOL) 18y 18, 17
uzy{(1)
60 Y0 21
FLODEY (1))=Y (2)
LF (PLOD) 20, 17, 17
usY(2)
rFLubz=U=-P
LF (ARS(PLOD)I=10,0%%(=10)) 200, 150, 150
BIGA=DSORT (PLOD)
UISCIEBIGA*%2=2,ylu*U+2. 000%0/BIoA
DISC2=D1SC1=-4,0Du*xu/BIGA
IF (ARS{DISCLl)=1u.u*x(=15})) 204¢ 205, 205
L15C1=0,0u0
IF (DISCL) 24, 22 23

¢ (2)=0.0Dy

C (1)==,5000%B1GA

C (3)=C(1)

C (4}=y,.0Du
60 10 25
VISCLI=DSURT (UISCL)

C (1)=,500U%{NiSL1=-R1GA)

C {2)=u. 0BV

C (4)=p.0Du

C (3= Ci1)=DIsC1
G0 T0 25

C(1)==,50UDXBLGA

¢ (313= C 1)
FLUD=DABS (DISCL)
Liz) ZL,H0DUXkDSuR T (PLOD)
Cly)==C2)
LE(ABS(DLISC2)~10,U%%x(=15)) 210, 214r 211
LISC2=u.uul
tF (UISCe) 28y 200 27
(6)=u,.00v
(8)= C {6)
(5)=.H0NUxBIGA
(7)== C (%)
60 TO 29
LISC2ZDSURTILISCR)

¢ (H)=U.UDY

C (RITLH0RUX(DLISL24RIGAY

¢ (8)=y.0DV

C 7)€ (H)r=uibC2
00 TU 29

L {5)Z50DU*BTIuA

C {7)= € h)
FLOUDEZDABS(DISC2Y

C (A)ZH0DU*DSUR T (PLOD)
L{g)==Clo)
LO 39 L=1l.4

Lo (2xL=1)= € (2%L-1)-CLOD
CONT {NUE
LO lee Lz=1+8
SCL)=C L)
RE1TURN
PILLS) /CL1)

[ o ol o

LUK290380
UK290390
LK290400
DK290410
DK290420
DK290430
DK2904u0
0K290u50
DK290460
DK29g470
DK290480
DK290490
DX290560
LDK29051n
DK29u52n
DK290530
DK290540
UK290550
UK290560
VK290570
DK290580
UK290590
DK290600
DK290610
UK290620
DK290630
UK290640
DK290650
DK290660
DK290670
UK290680
PK29069n
LUK290700
pK299710
uk29yT72n
DK299730
LK290740
DK290750
DK290760
LUK299770
UKZ239780
DK290790
DK290800
DK280810
DK230R20
DK29p8R30
UK2908u0
LK230850
DK2908s0
VK290870
DK29U880
OK230R90
UK290900
DK290910
DK290920
DK290930
LK290940
UK2930950
DK290960
UK290970



ceece

eu

<01
202
ebs

a0y

all

202

219
203

204

110

1411
112

w=L(u)  sC(1)
RIC(H) /C(1)

w0 To 102
PLUDZP*%2=4 . UIUXK

1F (ARS(PLOD)=10,0%%(=15)) 2U1,

rLul=0.000
IF (PLOD) 203, 3ubes 500

ABSZ=DSQRT (Pxx2<pLL0L) /2,000

CORECT==P

PHL ZDATANZ (USARI (=PLOD) » CORECT)

L) =AaBSZ#*DCUS{PHL)
Cle)=ABSLADSIN(PHLY

Cl3)= Cct1)
Clg)==Cl2)
C{v)==C(1)
Clo)=z C(2)
Cl7)= C(v)
Cle)==C2)
G0 10 29

CAFZUSART (PLUD)
LSURE1Z ¢ HUDO* (=P+LAF)
LSUREPZZSURE L=Z Ap

IF (ZSQRE1) 201, 3U2e 302
Cle)=DSORT (=£SQRE1)
Clg)==Ct2)

C1)=0., 00U

C{s)=0,00V

v0 T0 31v
CL)I=DSERTIZSOREL)
Llor==C(1)

C{2)=n,0uY

C{4)=0.0uU

1F (2S9RE2) 303, 3u4, 304
CLo)zDSORT (=2SWRe?2)
Clo)z==Clo)

Clov)=0.000

Clr)y=0.0uuy

L0 TO 29
CADI=DSORTIZSARER)
C{7)==C(b)

(lp)=0.000
Clo)=0,.000
60 TO 29
ENU

FUR VECK30»UECKI0

SUBROUTINE TABLE (DATA»MX pMM)
Mw IS NUMBER OF COATING MATERLALS(
SP FOk SPEC,
MX=uy DESLIGNATES  SUBRSTRATE TABLE
MX=1 VESIUNATES COATING

DATA 1S Ru FOR RHO.,

LDIMENSION DATA(B,42)
=M

K1=1

KL=K1+5

READ(59201) (DATA(MIK) s KZK1 oKL ) ¢ COUFL,COUF2
LFAUATA(MPKL=5)=40U00,U0)111+115,115
IFLDATA(MrKL=3)=10000,0)112,116+110

IFCGUATA (M KL=1)=10U00,0U)1139317+117

UR SUBSTRATE)
AND EEFE FOR EPSILON

DK290980
DK290990
bK291000
DK291010
OK291020
DK291030
DK291040
DK291050
DK291060
bK291070
0K291080
DK291090
DK291190
DK291110
DK291120
DK291130
DK291140
DK291150
DK291160
DK291170
DK2%91180
DK291190
DK2912¢00
DK291210
DK291220
DK291230
DK291240
DK2912%0
0K291260
DK291270
0K291280
0K291290
DK291300
DK291310
DK291320
DK291330
DK291340
DK291350
DK291360
DK291370
DK291380
DK291390
DK291u4g0
DK2%91410

DK300000
DK300010
DK300020
0K300030
VK300040
DK 300050
DK300060
DK300070
DK300080
DK300090
PK3G0100
DX300110
LK300120
DK300130

173



174

113
114

115

116

117
118
119
120
11

1e2

2vl
2u2
203
2u4
2u6

CPLTH

IF (KL=42)114,118,121

K1ZK1+6

KL=K1+5

0 TO 11lu
DAITA(M42)=DATA(MKL=4)

NK=KL=3

GO0 TO 118
DATA(M)42)=DATA(MrKL=2)

NK=KL=1

60 TO 118

DATA(MIL2)SDATA(MIKL)

NK=KL+1

UATA(M,41)Z10000,0
IF{MX)121,119,120

wRITE (6+202)M,CUDE1»CODE2

60 TO 122

WRLITE (6,203)M,CODEL1+CODE2

60 10 122

WRITE (6,204)

CONT INUE

WRLITE (6+206) {DATA(MyJ) r JZ19NK)
HETURN

FORMAT(EEL12.80A6A2)
FORMAT(2UHOSUBSTRAIE MATERIAL I2,4h (S AgsA2)
FORMAT(18HOCUATING MATERIAL [2,4H LS A61A2)
FORMAT(20H EKROR In INPUT DAIA)

FORMAT(1r6E10,7)
ENY
FOR VECK31»UECK31

SUBROUTINE MAIN2
IS THE MAIN PROGRAM OF LINK 2 (PLOUT ROUJINES)

UIMENSLON TRASH(L7) rF(10,9o42) s HIAB(Y) fANGTAB(10) ,wH(18) v XH(9)
AYHIB) p ZHEEY s ELL () 1 RPP(S) fRR(G) v CAYY (D) » TOME(2)

DIMENSION DT(2,200)9T(2,200) »SINL(200)COSL(200)»SINUI200),
1L0S0(200) y YHICK (20U) »NCOAT(200) ¢ NSURS(200) ¢ COSRS(200) »PHIT(200) »
26AMML200) »NDUTY (200)

UIMENSION ESUN(B) JEEE(B8r42) o RO(B U2 1 SP(8r42) » TAINT (4108)

UIMENSION BUFFER{(2)

COMMON TRASH»FrHIAB)ANGTAB )y WHeXHe YHo2F o ELL s RPP,RRyCAYY»PI P IH,
LIWUPLsPILBOYNOFINDYNQORT ) IFIRST »NEWSLG

COMMON KPLNET o NORIENe KTEMP p NUMRUN s NGATP s NPRINT » KRF Ve NPHO»REV

COMMON A BeCrAYF ,BEEsRPyRNSPEFsELIRICAY 2 BARLYSyALP2,BFT2,GAM2,
1ALFHAZ»BETA2 » GAMMALZ » COSA,COSB, COSG )y SinByPHIMAX

COMMON SLGMA»CSTIGMA»SSIGMA, TSIGMA

COMMON PHIZ2yDPHL2»PHIZsDPHIsPHIZCPHL,,SPHIsPHIN2PHOT2» SUN

COMMON TIMEZy TABS JELAPS,ZELIT,TOME»DEI TATe XP e YP2UEEDPSQeJ1rJ2

LOMMON EPIPLEPSLG2» TMeFTMpSAS2 s SRASH

COMMON GoaRHRCPYRHO»CPyEPSLN) ITK KT TER

COMMON GNET ruSAT,QINT ) QEXT»QPLAN, QALB,QSUN, QOLD»ANEW, TBREAK

COMMON GAMePHIC, AL 1 r ALTI» ANGS ,CTHE 12+ DoFF

COMMON PHI1sPHI2» IS1GyFUDGE » Tl » JUDGE ¢ RUFFFR RV ) NLINFE

COMMON CuSLS»SINLS s UT» TrSINL,yCOSL»SINO»CUSO» THICK,)NCUAT» NSURS,
1COSRS Y PHLT » GAMM

COMMON ESUNPEEE s RO»SP» TAINT e NHUTY » ANINCL » ASCNOD » ASNLNGYRGTASC
JUECLIN

UIMENSION AA(6)sAALIO) 1P (6)1PO(6)

COMMON AAPAAL,PyPOs TORDER » TORDL ¢ JERRUK s THETA s DIMAX ENT»ENS,FACT,
1YNRAT pENAATL P EMAGYDERRORDTTEST

DK300140
DK300150
DK300160
DK300170
DK300180
DK300190
DK300200
DK3oo210
DK300220
DK300230
DK300240
DK300250
DK300260
DK300270
DK300280
DK300290
DK300300
DK300310
DK300320
DK300330
DK300340
DK300350

DK30D0360

DK300370
DK300380
DK300320
DK300u400
DK300410

DK 310000
DK310010
DK310020
DK310030
DK310040
DK310050
UK310060
DK310070
DK310080
DK310090
UK310100
DK310110
LK310120
DKk310130
DK3101a0
DK310150
DK310160
DK310170
DK310180
DK310190
DK310200
DK310210
OK310220
BK310230
DK310240
DK310250
DK3190260
DK310270
DK310280
DK 310290



48

a4y

COMMON HSUN»HALRy HPLAN, NODE

UIMENSLON HSUN(200) rHALB(200) »HPLAN(Z200) » NOUE(200)

COMMON KET1CH
COMMON HASUN,HAALB,HAPLN,HATOT

DIMENSLON HASUN(200) »HAALB (2001 9 HAPLIN(20U) »HATOT(200)

COMMON ZAREA
DIMENSION ZAREA(20U)
COMMON  TMTHRU
LDIMENSION IMIHRU(200)

COMMON TMHI »PNAME  PHIPLT » TIMPLT e nPLOT » LAST p JUMP o LMAXy TONCE
UIMENSION PNAME (59) »PHIPLT(190) 2 1 IMPLT (190}

COMMON TYMEL, TYME2, TYME
COMMON AG s IneJr KABG KLy

KebPJsl Ly LNoL o LGHALUF s My NCARD,

INEwWDC s NEwGAMy NEWMAT o NHEAD s Ny NTRIG o PEE1»PG» PIN)POUTROP»SIGMAZ

COMMON ELAMB)y OMEOA TKALT T2 oW

¢+ AGNM o HGNM

DK310300
OK310310
OK310320
DK310330
DK310340
DK310350
DK310360
DK310370
DK310380
DK31039n
DK310400
DK310410
DK3lou20
DK310430
DK310840

UIMENSION ELAMB(200) »OMEGA(2U0) 9y NZ(41) 2 TKALI(O) 9y TZ2(200) W (7)»Z{41)DK310450
EQUIVALENCE(TRASH{15)»C1) r (TRASH{( 161 C2) 4 {TRASH(17) (3}
EQUIVALENCE (JRASH{14) » NBLANK) , (Z(1),NZ7{1))

DIMENSION S10190) »52(190),AL(190),A2(190),F1(190),P2(190),Q01(190)UKI10480
1pQe{190),T10190)»72¢(190),TX(19200) oPHIO(190)

DIMENSLON AS(200)o8RITE(200) 1DARK (20U) ¢ XLAMB(200) » XMEGA(200)
LIMENSION THATS (L6} pALL(20) »FOLKS(13)
COMMONZBLUK/ZLG0 ud e KK p RUN P NF LIRS Ty NALL e ALL T, NALL]

CALL RESET

NJZ 2¥KPLNET

NKZ 3% (NMORIFN$2)
NLZ 3*KTpmMP +3
THATS U 1)=Z2Hi1)
LHATS( 2)=WHINJ=1)
FHATS O 3)TwHIN)
THATS( 41=WH(R)
THATSL H)=ZH(2)
THATSL 6)=2HL3)
THATS( 7)1=XH(NK=2)
THATS( B)EXHINK=L)
THATS T Y)YSXHANK)
THATS (1) =wHig)
THATS (11 )=2Hy)
THATS(12) =2HAS)
THATS{13)z=2H k)
IHATS (1) TYHINL=-2)
THATS (15 ) =YH(NL=})
THATS(16)ZYHINL)

LAl BINUEC (AGNM ,NALL1,ALL1,ADUM)

ALLIZFOTA(ALLYL)
LF(NALLL1=%)Ub,49,4Y9
NALLISNALLL+L

LATA oulubL/eH =/
ALL( 1)=w0U0hL

UATA QUULIHL/oHMAX{AL/
ALLl 2}1=eullini.

LATA QUOHL/ZoHT)YMING/
ALL{ 3A)=w002HL

caLl RLINDEC (PGNMm
AlLi{g)=FUTA(ALL(4) )
LUATA QUOSHL/OH Prius/
AlLL{ Bl=guu3nl

eNALL » ALL A 4 ) ADUM)

CALL RenugbC (PHIZ2 »NALL,ALL( 6)yAUUM)

Atrlo)=FulalaliL{o})
LAILA GOOgHL/0H DPHLI=/

OK310up0
DK310470

OK310490
DK310500
UK310510
DK310520
OK310530
DK310540
DK310550
DK310560
DK310570
ukK310580
DK310590
DK310600
DK310610
DK310620
DK310630
DK310640
DK310650
DK310660
DK310670
DK310680
UK310690
DK310700
DK318710
DK310720
UK310730
DK310740
DK310750
DK310760
LK 310770
vK310780
UK310790
UK310800
DK310810
vK310820
0K319830
DK3108u0
DK310850
DK310860
LK310870
LK310880
UK31u890

175



176

60

65

66

5u

ALL( 7)=9U04HL

CALL BINDEC ({DPHI2 »NALL,ALL( 8)sADUM)
ALL(8)=FDTA(ALL(&8))

DATA QOUSHL/oH SiGm=/

ALL{ 9)=Q005HL

CALL BINUEC (SIGMAZsNALL,ALL(10) s AUUM)
ALL(10)=FDTA(ALLLLIU))

UALA QUObHL/bH BETAZ/

ALL(11)=Q006RHL

CALL RINUEC (BETZ2 eNALL pALL (12) o AUM)
ALL (12)=FUTAALL(12))

UATA QOO7HL/0H PRHINZ/

ALL{(13)=Q007HL

CALL BINUEC (PIN eNALL o ALL (14) 9 ADUIM)
ALL(14)=FOTA(ALL(14))

UATA QO00gHL/6H Puuiz=/

ALL{15)=w08HL

CALL BINDEC (POUT eNALL ¢ ALL (16) 2 ADUM)
ALL(16)=FUTALALL({10)})

LF{KARG)b5r6U 965

UATA QOOYHL/6H ALPHZ=/

ALL (17)=00U09hL

CALL BINUEC (ALP2  »NALL,ALL(18)sADUM)
ALL (18)=FOTALALL(18))

ALL(19)=w0l0nL

UALA QUIUHL/OH GAMM=/

CALL BINDEC (GAMz eNALL » ALL (20) y ADUMY
ALL{20)=FDTACALL(2u))

NALL=120

G0 TO 66

NALL=S6

UATA QULILHL/0HINCL .=/

FOLKSL 11=Q011HL

CALL PRINUEC(ANINCLNFoFOLKSC 2) ¢ ADUM)
FOLKS(Z2)=FDTA(FOLKS(2))

UAIA QU12HL/6H ARG O/

FOLKS( 3)=Q012HL

UATA QO13HL/6HF HERZ/

FOLKS{ 4)=Q013HL

CALL RINDEC(ASCNUDNF o FOLKSt H)r»aDuM)-
FOLKS(S)SFDTA(FOLKS (D))

UAITA QDlurb/oH LONG./

FOLKS( 6)=0014HL

LATA QUibHL/oHOF ASC/

FOLKS( 71=Q015HL

UALA QulgHL/6H NubDE=/

FOLKS( 8)=Q016HL

CALL RINDEC{ASNLNG,NF,FOLKS( <) snabum)
FOLKS{Y)IZFDTA(FOLKS (9))

UATA QU17HL/0H 'KA.=/
FOLKS(10)=Q04L7HL

CALL BINUECI{RGTASC)NF o FOLKS(11) s ADUM)
FOLKS(L1)ZFDIA(FULAS{11))

LATA GUl8HL/LH DEC.Z/

FOLKS (12)=Q048HL

CALL BINUBEC(UFCLINSNFFOLKS{(13)»aDUM)
FOLKS (13 =FDIA(FOLKS(13))

LOnNT INUE

£x% KETRIFVE ABSURPYIVITIES (SOLAR AND AVFRAGE PLANFT)

LG 51 IZ1eNSATP

DK310900
DK310910
DK310920
DK310930
DK31094n
UK310950
DK310960
DK310970
DK310980
UK310990
DK311000
LK311010
DK311n20
UK311030
DK311040
UK311050
UK311060
UK311070
DK311080
DK311090
vk3111900
UK311110
UK311120
DK311130
DK311140
DK311150
Uk311160
UK311170
DK311180
LK3s11190
UK311200
PDK311210
DK311220
DK311230
DK3112u40
DK311250
DK311260
UK311270
pK311280
DK311290
LK311300
DK311310
UK311320
UK311330
DK 311340
UK311350
uK31136n0
DK311370
UK311380
DK311390
UK311400
ukKatius1n
DK311420
LK311430
DK311440
DK311450
DK311u60
bK311470
oK311480
OK31tu9n



51

10

13

12
ib

19
Hkk

32

31

FETs
EE
kK

il
25

k&

16

17

35
¥

XLAMB (1) =ELAMB (1) *57,.,29578
XMEGA (1) SOMEGA (I} %57.29578
JC= NCOAT(I)

AS (1) =ESUN{JC)

BRITE(I)= HALBI(I)

DARK(I)= HSUN(IL)

JT=LAST

KUNSNUMRUN

IF (NQORT*NQORT =2xNQORT)12,13,12
160z =1

G0 TO 15

l6u= 0

CONT INUE

DO 19 II=1sLMAX
PHIO(II)=PHIPLT(I1)

PH1Z2 1S THE INITIAL TRUE ANOMALY vALUE
IF (PHY1Z2-,01)31s31932
NSWTCH=1

©0 TO 18

NSWTCH=0

CONTINUE

NFIRST=0

N3u=0

DO 5 I=1,NSATP, 2

REWIND T

Jd= 1

KK=I+1

U0 20 L=1r,LMAX

KEAD BINARY SCRA(CH TAPE JT TO OBTAIN INFORMATION RECORDED BY

SUBROUTINE LOOP IN LINK 1

INFORMATION witlL BE RETRIEVED TWo(2) NODES PER PASS

DK311500
0K31151¢0
DK311520
DK311530
DK311540
DK311550
DK311560
0K311570
DK311580
DK311590
DK311600
DK311610
DK311620
DK311630
DK311640
UK311650
DK311660
DK311670
DK311680
DK311690
DOK311700
DK311710
DK311720

‘DK311730

DK311740
VUK311750
DK311760
DK311770
DK311780
DK311790
DK311800

READ  (JT)(TX(1,0) rtHSUN(J) ¢t HALB(J) yHPLAN(J) 2 HASUN(J) y HAALB(J)» HAPDK311810

ILNC(J) »HATOT (U) =1 9NSATP )
LF( 160 ) 25¢30,30
RETRIEVE INCIDENT HEATS
S1(L)IZHSUN(JY)

S2 AL ) ZHSUN(KK)
AL{L)THALB(JJ)
A2{L)THALB{KK)
PLL)ZHPLAN(JJ)

P2 (L) =HPLAN{KK)

G0 TO 16

KETRIEVE ABSURBEU HEATS
S1(L)I=HASUN(JJ)

52 (L) =HASUN (KK)

Al (L)THAALB (UJ)

A2 (L)=HAALB (KK)
F1(L)THAPLN (UJ)

P2 (L)THAPLN(KK)
QI(L)SHATOT(UJ)
W2(L)THATOT(KK)

LF (NQORT*NQORT=3*NWORT) 17+20+17
T1LI= TX{1l,JJ)
T2(L)1= TX(1eKK)
N3U=1

CONTINUE
LF(N3Q)BU,L40,35
LFANSWTCHI40 40945

ARRANGE TRUE ANOMALY ARRAY (PRIPLT) 1N ASCENDING ORDER IF NOT
ALKEADY IN SUCH FORM (WILL NUT BE ASCENDING WHEN PHIZ NOT =0.0 )

DK 311820
DK311830
DK311840
bK 311850
DK311860
0K311870
DK311880
DK311890
UK311900
0K311910
DK311920
DK311930
DK311940
0K 3119540
UK311960
LUK311970
DK311980
0K311990
DK312000
DK312010
DK 312020
DK312030
DK312040
DK312050
0K312060
bK312070
DK312080
DK312090

177



4b
4y
TS
E]
*%

5

* kK

*%

178

CALL ACCEND(PHIO(1)sPHIPLT
CONT INUE

SUSROUTINE DRAW CONSTRUCTS IDENTLIFIED PLUTS OF HEATS

AND/OK TEMPERATURES
NOUES ARE PLOTTED TwWO (2)

CALL DRAW(NODE yPHIPLT s TIMPLT ¢S19S29A19A2,PLeF2,Q1902,T1sT2,

(1),T1C10,1201) 9LMAX)

AT A TiME

DK312100
DK312110
DK312120
0DK312130

LK312140
LK312150

1FHiIO» PNAME » IMTHRU» XLAMB» XMEGA, AS¢BRITE 1 DARK ¢ ZAREA , THATS ¢ ALL»FOLKS,DK312160
2LMAX s KETCHe NQORTNSATP 1 KABG)

CONTINUE

JumP=2

CALL FiILMAVI(1)
CALL CLOCK(TYME2)

KRETURN TO PILOT [N LINK 1 WITH JuMP =p
RETURN

END

FUR DECK32»UECK32

SUBROUTINE DRAW (NOUE»PHIPLT » TIMPLT pS1,S2)A10A2,P14P2,019Q2,T1¢T2»

DK312170
DK3121890
DK312190
DK3122060
DK312210
DK312220
DK312230
DK312240

DK320000
0K320010

IPHIO s PNAME » IMTHRU» ELAMB /Y OMEGA » AS»BRITE 1DARK» ZAREA» THATS s ALL»FOLKS,DK 320020
2LMAX o KETCHyNWORT ¢y NSATP s KABG)

DIMENSION T1(190),12(190)
DIMENSION NOWE (200) » IMTHRU

DIMENSLION TELL(7) sPNAME (39
LIMENSLON S(190)¢AL190) P (

yTELLLIG 7)) TELL2U T)pRL(9)

(200} PHIPLT(190) e TIMPLT(1490),S1(190),
152(190),A1(190),A2(190) rP1(190)»F2(190),41{(190),Q02(190)

]
190).,0(190)

UIMENSION XNAMEL(13) 0 XNAMEZ2 (13) s XNAMEZ(13)
DIMENSION TOP(4)eBUT(L) »YLI9)»TLAY) 1PLIYY

LIMENSION YNAM (5) s TANOM(2
LIMENSION PHIO(190)»TAN(9)

) W YTEMP (&)
PLOC(9) pyNC(Q)»BCL(9)

UIMENSION AS(200),BRITE(200)»DARK(200) s ZAREA(200)

DIMENSION ACROSS(19) »ELAM
UIMENSION THATS(16)ALL (20

B(200)»OMEGA(20u0)
YoFOLKS(13)

COMMON/BLUK/1G0» JJr KKy RUNPNFIRST o NALL, ALLT1 ¢ NALL T

NONE=NF IRST

1F (NFLRST) 2,2,1

THE INSTRUCTLONS FHOM HERE
IN EACH CASE

NFLRSY =}

Uo 3 I=1,13

ANAME ] (1) =PNAME (L)

U0 4 I=1,313

XNAME2 (1) ZPNAME ( [+13)

DO 5 I=1,13

XNAME3Z (1) =PNAMF ( {+26)

SET UP BCL SENTENCES TO BE WRITTEN AS PLOT IDENTLIFICATION

UATA QOOUHL/oHTEMPER/
YTEMP (1) =Q00UHL

LATA QUOLBL/BHATURE /
YTEMP(2)=0001HL

UAIA QUOZHL/oHDEG. R/
YTEMP (3)26U02HL

UATA QUU3HL/oHANKINE/
YTeMP (4)=Q00oHL

VATA QUOUCT/U310500232422/
1ANOM (1) =U00uUCT

UATA QUO1CT/U750505050505/7
TANOM(2)=000LCT

DALA QUO4HL/6HNOUE N/
TELL(1)=Q004HL

TO STATEMENT NO. 1 ARE REACHED ONCE

DK320030
PK320040
DK320050
LK320060
DK320070
DK320080
DK320090
UK320100
DK 320110
Dx320120
DK320130
DK320140
DK32015n
DK320160
DK320170
VK320180
DK32019n
Dk 320200
UK320210
DK320220
UK320230
UK320240
DK320250
DK320260
UK320270
DK329280
UK320290
LUK320300
DK320310
DK320320
DK 320330
DK320340
LK320350
UK320360
UK320370
DK320380
DK 320390
DK 320400
DK3208190
DK320420



71

70
kX

25

24

26

28

27
29

VATA QOOSHL/6HUMBER /
TELL (2)=Q005hL

DATA QUOGHL/EHCASE N/
TELL(4)=Q006HL
TELL{5)SQUOBHL

UATA QUO7HL/6H v/
ACROSS(1)=QOU7HL

CALA QO08HL/6HAMBDAZ/
ACROSS (2) =Q0USHL

UATA QUOYHL/6H OMEG=/
ACROSS (4) =Q0U9HL

IF (NQORT=3)70,71,71
UAIA QOLUHL/6H PLANE/
ACROSS( 6)=QU10HL
DATA QU11HL/6HT ABS(/
ACKOSS( 71=QU11HL
UATA QO12HL/6HSUN) =/
ACKROSS( 8)=Qui2HL
UATA QU13HL/6H PLNET/
ACROSS(1U)=0UL3HL
DATA QO14HL/oH ABS(S/
ACROSS(11)=QUI4HL
DATA QULlSHL/GHHAUE )T/
ACROSS(12)=QuUlSHL
DAIA Q016HL/6H SULAR/
ACROSS({14)=QU16HL
UATA QUL7HL/OH AHS =/
ACKOSS(15)=QU1T7HL
UATA QU18HL/6H SURFA/
ACKOSS(17)=QU18HL
DATA QULYHL/OHCE A.=/
ACKOSS (18)=QUIYHL
NTUPZ30

CONVERT RUN NO. 10 BCD

CALL BINUEC (RUNyNCRUN» TELL (0) o DUMMY)

TELL(E&)=FOTA(TELL(0))

1F (NQORT* NQURT =2*%NQORT 12502425

UATA QU20HL/06HABSOREB/

YNAM(]1) = QO20HL

LUALA QO21HL/OHED /
TNAM(2) = QO21HL

00 TO 26

UAIA QU22HL/O6HINCIUE/
YNAM(1) =Q022HL

LATA Q023HL/GHNT /
YNAM(2) =@025HL

LAIA QU24HL/6H HEAT e/
YNAM(3) =Q@02uHL

UATA QU25HL/0HBTU/RR/
YNAMIY) =@025HL

IF (KETCH)27+2827
UATA QU26HL/06H Fixx2/
YNAM(S ) =QOZ6HL

L0 TO 29

DATA QU27HL/6Heseeeo/
YNAM(S ) =Q027HL

CONT INUE

AMINZQ0.0
XMAX=TIMPLT(LMAX)
TLAL)=TIMPLT (L)

DK320430
Dk320440

'DK320450

DK320460
DK320470
DK320480
DK 320490
DK320500
DK320510
DK 320520
DK320530
DK320540
DK320550
DK320560
DK320570
0K 320580
DK 320590
DK320600
DK320610
DK320620
DK320630
DK320640
0K320650
DK320660
DK320670
DK320680
DK320690
DK320700
DK320710
DK32072¢0
DK320730
DK320740
DK 320750
DK320760
DK320770
DK320780
DK320790
DK320800
DK320810
DK320820
DK320830
DK320840
DK320850
0K320860

DK320870

DK320880
DK320890
DK320900
DK320910
DK 320920
DK320930
DK320940
DK 320950
DK320960
DK320970
DK 320980
DK320990
DK321000
DK321010
DK321020
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©
hokk

KA

10

o

16

18
Py

L 2 3

20U
30
94
* %k

* KK

43

4y

TLA9)=XMAX

VELZ (XMAX=XMIN) /8.0

TL(2)=DEL

DO & I=3+8

IX=1=-1

TLOD)=TL(IX) +DEL

SKALE DETERMINES A SUITABLE MAX»MINe AND 7 VALUES IN BETWEEN

CALL SKALE (PHIPLT(LMAX)pPHIPLT(l)'PL(l)pPL(Z)oPL(3)ePL(4)oPL(5):

IPLA6) oPLIT) o PLIBY #PLII) )

PMiN= PL(1)

PMAX= PL(9)

IF (NQORT=1111,100,11

CONTINUE

BEGIN PLOT SCHEME » STARTING WITH ELEMENT JJ
IFIRST=1

INVDE=JY

U0 10 L=1,LMAX

SULI=S1ID)

ACL)I=ALLLY

PLL)=PLLLD)

Q(L)z=01 (L)

CALL RSET(1L)

DETERMINE LIMITS OF HEAT ARRAYS
LALL HILOWS(1) »i-MAX» TOP(1)9BOT(1) )
CALL HILOWCA{1) LMAX,TOP{2)80T(2) )
CALL HILOWIP(1) LMAX)TOP(3)sBOT(3) )
IF(160)16017+17

CALL HILOW(QL1) /LMAX,QMAXsBOT (4))
CALL HILYW(ROT(1)s4,DUMPQMIN)

60 TO 18
B0i{4)=10000.0
10K (4)=0.0

CALL HILOW(TOP(1) stk e @MAX,DUM)

CALL HILOW(ROT(1) s4sDUMsQGMIN)

CONTINUE

SKALE DETERMINES A SUITABLE MaXemINes AND 7 VALUES IN BRETWEEN
CALL SKALE(QMAX»aMLINy YL(1)rYL(2)vYL(3)vYL(q)'YL(S)oYL(6)'YL(7)v
1 YL(B)sYL(9) )

UMINZYL (1)

QMAX=YL(Y)

GENERATE GRIL ANu FLUT HEATS

CALL GRIUGN (63,»1023¢0¢960+12,12910510 )

CALL PLOTY (191eXMINy XMAXsQMIN)QGMAX e TIMPLT(1),5(1)sLMAX,1s1HS)
CALL PLOIYL (1919 XMiNsXMAXsQMIN,OMAXe JIMPLT(1),A(1) sLMAX,1s1HA)
CALL PLOTY {L1slrsXMINy XMAXsQOMIN,QMAXe TTMPLT (1), (1) rLMAXs1¢1HF)
iF( 160 )30,2002u

CALL PLOTL (1919 XMINeXMAX»QMIN,QMAX s 1 IMPLT(1)yQ(1)LMAXs1,y1HQ)
LF(NONE)Y3+94,93

DO 7 1=1,9

FING TRUE ANUMALY (TAN(I)) CURRESPONUING TU TIME TL(I)

CALL XINTRPULMAX» TAMPLI (L) s TLLI) o PHIV(L1) » TANLT) )

CONVERT EACH TAN(I) (TRUE ANOMALY) YU BCU EQUIVALFNT
LF(TAN(I) )44 43944

DAITA QUD2CT/0050505050505/7

BCL (1)=Quo2C1

00 TO 8

CALL BINDECCIANCL)YoNC(I) o BCDL(T) » LUMMYY)

BCU(I)=FOTA(BCD(L))

DUMMYSF DI A (DUMMY )

NC{l)=o

0K321030
DK321040
DK321050
DK321060
DK321070
DK321080
DK321090
DK321100
DK321110
DK321120
DK321130
DK321140
DK321150
DK321160
DK321170
DK321180
DK321190
DK321200
DK321210
DK321220
DK321230
DK321240

DK321250

DK321260
DK321270
DK321280
pK321290
DK321300
DK321310
DK321320
DK321330
DK321340
DK321350
DK321360
DK321370
Dk 321380
DK321390
DK321400
DK321410
DK321420
DK321430
DK321440
DK321450
DK321ue60
DK321470
DK321480
DK321490
UK321500
DK321510
DK32152¢0
LK321530
DK32154n
pK321550
0K321560
DK321%570
LK321580
DK321590
0K 321600
DK321610
LK321620
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L]
93

b

73

75

bb
C oxrksk
31)

C xxxk

4

41

FIND LOCATION OF TL(I) IN RASTER COUNTS
LTEMPSSCALEX(TL(L)»1)

LOC(I)=LTEMP=21

CONT INUE

LOC(9)=LUC(9)=22

PUT LABELS AND IDENTIFICATION ON THE PRESFNT FRAME
U0 9% I=1.9

CALL PRINT(LOC(TI)+98Ly8r0sNC(T)BCUIL))

CALL LABELY(YL(T)rdi»0)

CALL LARELX(TL(T)»100)

CALL PRINT(BD,1003r BeUrT78eXNAMEL(1Y))

CALL PRINT(635+1013r 8oUr78)XNaAME2(1))

CALL PRINT(63,1023r ByUr78eXNAMESZ (1))

CALL PRINT( 1,36UrUusl2,30sYNAM{L1))

CALL PRINTC 1,97ur8r0s696HMIN, )

CALL PRINT( 1,981¢890912,TANOM(1))

CALL BINLDEC(ELAMG(LNODE) o NODUM, ACROSS( 3)yDuM)
ACROSS{3IZFDIALACRUSS(3) )

DUm=FDTA (DUM)

CALL BINUEC(OMEGA{LNODE) ¢NDUM, ACKOSS( 5),DUM)
ACROSS(H)=FDTA(ACRUSS(H))

LFANQORT=3)TH¢ 73,73

CALL RINDEC(BRITL (1NODE) #NOUM ACKOSSt 9)DUM}
ACROSS(Y)=FDIA(ALRUSS(9))

CALL RINUEC( DARK(INODE) »NDUM, ACKOSS(13) 9 DyM)
ACROSS(13)=FUTALACROSS(13))

CALL RINUEC( AS {LNODE) o NDUM, ACKOSS (16 o DUM)
ACKROSS(16)=FUTAACROSS(16))

NTUP=%6

LFUZAREAUINODE ) 74975, 748

CALL BINDFC{LAREA(LINODED o NDUM, ACKOSS(19) , DyM)
ACROSS{1Y)ZFDTA(ACROSS(19))

NTOP=114

COnY INUE

CALL PRINTC 700 Sr8rUs NTOPYACROSS5(1)}

CALL PRINT(138:,20rd9U» 96 THATS(1))

CALL PRINT( o39320800s NALLYALL (1)

CALL PRINIC 079320 70Uy NALLI»ALLY )

1F (KARG) /677976

CALL PRINT(20194u0e8900 T8FULKS (1))

COnT INUF

LFCIFIRSI=1)bU4sHarbd

XNUDE=NOUE (JJ)

OO 10 56

ANUDEZNOUE (KK)

CONVERT NOUE NO, TL BCD AND wPITt A SFNTENCE INCLUDING SAME
CALL BINUEC (XNOUE »NCNODE TELL (3} o DUMMY )
TELLAZ)ISFDIACTELL(S))

NCHAKRZ12+ NCNODF

CALL PRINTL ©3¢992,12) Ur NCHAR» TELL (1))
NCHAR=12+ NCRUN

CALL PRINT(2800992, 129 UrNCHAR,TELL(4))
TERMINATE THIS PLOT AND PROCEED

CALL DMPuUF

LFCIFIRSI=1)41080042

TELLZ2 (4)STELL (D)

LO 10 b0

TELLI(U)STELL (D)

LO HU [ZLrLMAX

S{1)=s241)

DK321630
DK321640
DK321650
DK321660
DK321670
DK321680
DK321690
DK321700
DK321710
DK321720
DK321730
DK321740
DK321750
DK321760
DK321770
0K321780
DK321790
DK321800
DK321810
DK321A2¢0
DK321830
DK321840
DK321850
DK321860
UK321870
LKs21880
DK321890
DK321900
DK321910
DK321920
DK321930
DK321940
BK321950
DK321960
DK32197n
LK321980
DK32199n
DK322000
DK322010
DK322020
DK322030
DK322040
DK322050
DK 322060
DK322070
DK322080
0K 322090
DK322100
DK322110
UK322120
DK322130
DK3221u40
DK322150
DK322160
DK322170
bK3s22180
DK322190
DK3222¢0
bK322210
DK322220
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<
C

CSKALE

cocecooCo

50

60
190
EX 2
104

* k%

68

67
69

65

xEK
Ak
66

101

£33
*xEk%

102

A{L)=A2(1) DK322230
PEY=P2L1) DK322240
@(E)=02(i) DK322250
{FIRST = 2 DK322260
NONE=] DK322270
INODE= KK DK322280
IF (INODE-=NSATP) 15,1560 : DK322290
1F (NQORT®*NQORT= 3%*NOGORT )100,102,100 DK322300
JFCIMTHRU (JJ) +IMTHRUCKK) )104,1020104 DK322310
PLOT STABILIZED TEMPERATURES OF ELEMENTS JJ AMD KK TF RFQUIRED DK 322320
CALL WILOW (T1(1)sLMAXs TAIMAX,TIMLIN) 0K322330
CALL HILOW (12(1)»LMAX, T2MAXT2MLIN ) DK322340
TMAX= AMAXL(T1MAX»s | 2MAX) DK322350
TMANS AMINI (11MINy T2MIN) DK 322360
SKALE DETERMINES A SUTITABLE MaXsMINe aND 7 VALUES IN BETWEEN DK322370
CALL SKALE (TMAXs TMINIRL{1)sRLI2) vRL(3) sRL () pRLAS) yRLEAY yRL(7)» DK322380
1KLA&) yRL(Y) ) . DK 322390
*%%x GENERATE GRIL THEN PLOT STABILIZED TEMPERATUKRFS AND IDENTIFY DK322400
CALL RSE{(1) pDK322u410
CALL GRIDGN (63,1023+00960912,12910+10 ) DK322u420
IF (IMYARU(JU) ) 67067068 LK322430
CALL PLOI1 (Ls19PMINePMAXSRL(1)oRL(9),PHIPLT(1)pT1(1) e LMAX,1,s1HT Y0K322440
IF(IMTHRU(KK) )66¢60069 DK322u50
IF (KK=NSATP)o5ebhr06 - DK322460
CALL PLOT1 (1o1oPMINsPMAXIRL(1)2RL(D) yPHLIPLT(1)9T2(1)LMAXy1,1H2 )DK3I22470
TIVENT CONSTRUCTS SENTENCES TELL1I ANU TELLZ WHICH BESCRIBE LK322480
TEMPERATURE CURVES ° DK322u490
CALL TIDENT (JJrKKe IMTHRU(L) » TELLI (1) s TELL2(1) 4NSATPyNCII» NCKK) DK322500
U0 101 I=1.9 DK 322510
CALL LABELY(RL(TI)rloU) DK322520
CALL LABELX(PL{T)r10) DK322%30
NNC= 18+ NCNODE LK322540
CALL PRINT( ©3+981+» 8r0sNNCoTFLLLI(1)) DK 322550
NCu= b+ NCUY DK322560
CALL PRINT(255:,981s 8yueNCO HTELLLI(D)) DK322570
CALL PRINT(351+9581s 8900 6 TELLI(TY)) ukK3zasan
CALL PRINT( 03¢992, 8y 0sNNCy TELL2(1)) DK322590
NCUS B+ NCKK UK322600
CALL PRINT(2D559992s 8r0sNCO»TFLLZ(D)) UK322610
CALL PRINT(351+,992y 8,Ur 6elELLZ(Y)) DK322620
CALL PRINT(ES»10030 BrUr78)XNAMEL(1)) DK322630
CALL PRINT(65910130 8 0r 789 XNAMEZ(1)) UK322640
CALL PRINT(AJ,1023, Bous 78, XNAMES (1)) DK 322650
CALL PRINT( 1,96998010912,TANUM(1)) DK 322660
CALL PRINT(1U»365,U912:24,,YTENPLY)) DK 322670
TERMINATE THIS PLOT AND RETURN TO MALINZ wHERE wE wilL ORTALN DK 322680
ANFORMAT LON PERTAINING TO THE NEXT Tw0O FLEFMENTS DK322690
CALL DMPBUF DK3227p0
KE.I UM DK322710
ENL DK322720
FUR VECK33»uECLK 33 DK330000
SUBROUTINE SKALF(TUP»ROTTOMyA,BrCrDstsFrboeHoXI) DK330010
DK330020

TRINCATE »®OUNU AND FLOAT» INSER] 7 VALUES RETwFEN 2 GIVEN VALUFDK330030
TuP = GIVEN TOP VALUE (MAX) DK330040
bOITOM = GIVeEN RUTIUM VALUE(MIN) DK330050
A = 'SCALED mINnIMUM DK 330060

R = INSERTFU VALUE 1 PK 330070

C = INSERTFU VALUE 2 DK330080

D = INScRYEU vALUE 3 DK334090



C E = INSERTED VALUE 4

< FysGrHe AND XI ARE INSERTFD AT PROPER LOCATION

+ INC=TOP=-BOTIOM
AST = ALOG{FINC)/ALOG(10.0)
IF (AST) 5r10,10
5 ASI=AST=~1.0
10 NAST=AST
P1yASY=10,0%%NAST
FMAXZPLOASTH(AINT(TOP/PL0AST)I+1.0)
FMINZPLOAST*AINT(BOTTOM/P10AST)
IF(BOTTOM) 1592020
15 FMINSFMIN=P1lUAST
IF (TOP)} 17+20+2u
17 10P = TOP = P10AST
20 SC=(FMAX=FMIN)/8.0
ASFMIN
BZA+SC
C=p+S5C
D=C+SC
Esp+SC
F=E+SC
OxF+5C
Su+SC
XI=FMAX
RETURN «
END

FOR UECK 34 » UECK34
SUBROUTINE XINTRP(NsA»AA,BsBi)
DIMENSION A(182), B(182)

LO 100 I=1.N
w=i
IF(AA=A(L) 1925100
100 CONTINUE
‘BB=0.0
G0 TO &
2 BB=B(K)
60 T 5 :
1 XS{(AA=A{K=1))*(B{K)=R(K=1)))/(A(K)=A(K=1))
BB=B(K=11+X
5 KETURN
END

FOR VECK35,UECK3S
SUBROUTINE ACCEND{XOrXeYe2oN)

C *%%x ARKANGE XoYs AND 2 IN ORDER OF INCREASING X VALUES BRUT KEEP

**%ORLGINAL ORDER OF X ARKAY IN X0
DIMENSION X(L)yY(1) »2(1)
DEIMENSION XO(1)

U0 104 J=1eN
1068 X(w)=X0(J)
K=1
101 SMALL=X(K)
U0 100 I=KeiN
Lumy=X(11
SMALLZAMEN1 (SMALL s LUMY)
LF(SMALL~X{1))10uri02,100
102 INLEX=I

DK330100
DK330110
DK330120
DK330130
DK330140
DK330150
DK330160
DK330170
PK330180
DK330190
DK 330200

OK330210

DK330220
DK 330230
DK330240
DK330250
DK330260
DK330270
DK330280
DK330290
DK330300
DK330310
DK330320
DK330330
DK330340
DK330350

DK340000
DK340010
DK340020
PK340030
OK340040
DK340050
OK340060
DK340070
pUK340080
DK340090
PDK340100
DK340110
DK340120
DK340130
DK340140

DK 350000
DK350010
DK350020
DK350030
UK 350040
DK350050
DK350060
DK350070
UK350080
0K350090
0K350100
DK350110
DK350120
UK350130
OK350140
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10v

103

1u

A%k
£y 33

1u
1b

30
4o
L]

5y

1Y
51

CONT INUE
X{INDEX ) =X{K)
X{K)Y=SMALL
SAVERY (K)
YARI=Y(INUEX)
Y (INDEX) =5AVE
SAVEZZ=Z (K}
LK) =Z (INVEX)
LU INDEXY=SAVEZ

KTK+1
LF(K=N)101,1U3,101
RETURN

ENU

FUR DECKR36 s UECLK3H

SUBROUTINE HILOW(TABLE +NPTSeXRIpXLO)
VIMENSION TABLE(1)

XLOU=TABLE (1)

AHLI=TABLE (1)

DO 10 I=2¢NPTS
XLOSAMINL (XLU» TABLE(I) )
XHIZAMAXL(XHL» TABLEL(D) )

KETURN

“eND

FOUR DECK3T7 9 UECK37
SUBROUTINE TIDENG (JJy KK IMTHRUs TELLLy TELL2 2 NSATP,NCUJrNCKK)
TIVENT CONSTHRUCTS SENTENCES TELL1 AND TFLLZ WRICH DESCRIBE
T1EMPERATURE CURVES
UIMENSION TELL1(/)»TELL2(7)» IMTHRU(200)
LATA 11/7005050500050%/
UATA T5/6HCURVE /
UALA To/eoHl = EL/
UATA T7/75HEMENT /
UAJA T8/HHAFIER /
UATA TY/eHORBITS/
UAJA T10/6H2 = EL/
AFCIMTHRUGJIIIIL0,10020
L0 15 I=1e7
TELLI(1)=1]
w0 TV 30
iELL1(1)=15
TELLI(2)=T8
TELLL(3)1=17
TELLL(5)=18
TELLL(7)=TY
LF(IMTHRUIKK) Y408 uU9bD0
L0 us I=1+7

TeLl2(I)=1l
L0 TO b0
TELL2(1)=2715

1ELL2(2)=710

TELL2(3)=T17

TELL2(5)=T8

IELL2(7)=T9
LFCIMTHRU (I +IMIHRUGKK) 161070061
HORBIT=IL

NELMT=JUJ

DK350150
DK350160
DK350170
DK350180
DK350190
DK350200
DK350210
DK350220
DK350230
DK 350240
DK350250
DK350260
DK350270

DK360000
UK3H0010
0K360020
DK360030
DK 360040
UK360050
DK360060
OK360070
DK360080
DK360090

OK3706000
DK370010
DK370020
DK370030
DK3T0040
DK3T0050
DK370060
OK376070
DK370080
UK370090
DK370100
DK370110
LK370120
DK370130
DK370140
DK370150
DK370160
DK370170
DK370180
DK370190
LK370200
OK370210
UK370220
DK370230
DK370240
LK370250
DK3TD260
DK370270
DK370280
£K370290
DK370300
DK370310
DK370320



7
12

2
5

70

SF(IMTHRUINELMT) 65063462
ORELT=IMIHRU(NELMT)

LAl BINUEC (ORBITNCyHORBITDUMMY)
HORBITSFUTA(HORBLT)
LF(NELMT=JJ) 65965906
TELL1{6) =HORBIT

NCUJENC

NELMT=KK

HORBIT=I1

GO TO 67

[ELL2(6) =HORBIT

NCKK=NC

RE ] URM

END

FUR DECK38» UELK38
INTEGER FUNCIION FUTA({WORD)
INTEGER wORD
UATA MASK/00U00000U0077/
J = U
Do 1 I=is6
N = WORD/2%%(36-0%1)

N = AND (N2 MASK)

F (N JLE. 9)G0 10 2
0 10 5
N =N + 48
w0 TO 6
IF ( N,EQs 27) Nz 61
LF (O N JEWQ.32) N=33
AF (N Euwe 48) Nz=bH
J = OR(J*2%*6sN)

L CONTINUE

FDIA = J
KE 1 URN
Nu

DK370330
PKIT0340

DK370350
DK370360
DK370370
DK370380
DK370390
DK370400
DK370410
DK370420
DK370430
DK370440
DK370450
DK370460

DK 380000
DK380010
DK380020
DK380030
0K384u040
DK380050
DK 380060
DK380070
0K380080
DK380090
DK380100
DK380110
DK380120

‘DK3B0130

DK380140
DK380150
DK380160
0380170
DK380180
DK380190
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